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PREFACE. 



>:«e< 



The object of this work is to supply the general student, 
and more especially the engineering student and work- 
man, with an introductory book on the subject of 
Machine Construction and Drawing. It is unnecessary 
for us to speak of the importance of a knowledge of the 
subjects included imder this title; we shall, therefore, 
proceed to state the order and extent of the subjects to 
be treated of. 

Machine or Mechanical Drawing will form the chief 
part of our work ; in conjunction with this we shall con- 
sider the form and proportion of certain elementary parts 
of machinery. To consider the subject fully, it would be 
necessary to treat of siibjects which are beyond the limits 
of the present work. 

A drawing being the representation of some object, in 
our case a machine or a part of one, it is expected that the 
student possesses an elementary knowledge of Practical, 
Plane, and Solid Geometry, since the drawing part of this 
book will consist of the application of the principles of 
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those subjects to the drawing of machinery. We shall, 
therefore, assume that he has a knowledge of ihem ; and 
if he has not, we recommend him to study them simul- 
taneously with this work. 

The principal kind of projection used in mechanical 
drawing is that known as Orthographic or Orthogonal 
Projection ; we shall, therefore, confine ourselves to this 
kind, laying down such principles as we consider of the 
greatest importance to the beginner, and upon which the 
whole will be built up in a systematic manner. 

We have endeavoured to arrange the subjects so that 
they shall form progressive exercises in drawing, and 
progressive examples of construction. The student, in 
working out the examples, should draw the figures to a 
larger scale than those employed for the figures in the 
book, except where they are drawn full size. 

The making of working, finished, and detail drawings 
win also be considered; these points and some of the 
various motions will be treated more fully in our Ad- 
vanced Book. 

E. T. 

Jamwryf 1873. 
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CHAPTER I. 

1. A DRAWING, as the representation of a macliine, to be 
intelligible, should convey a correct idea of the size and 
proportion of the object represented, and, in most cases, 
of its several parts ; also the various motions which the 
movable parts are capable of producing. 

To make such a drawing of the same size as the 
machine, it is clear, in many cases, would be almost 
impossible; we therefore generally make our drawings to 
a reduced size, or, as it is termed, "to Scale;" that is, the 
drawing may be one-fourth of the size of the object, in 
which case we say, the drawing is to a scale of one- 
fourth, or 3 inches = 1 foot. However, to make this 
point clear, the subject of scales will be treated more 
fully further on. 

2. In drawings of machinery, approximations to the 
true form of some portions are often employed, and un- 
fortunately too often by those imable to form a just 
approximation, owing to the want of a knowledge of 
those principles which are essential for the correct repre- 
sentation of objects. "We therefore strongly advise all 
students to learn first how to draw correctly, so that they 
may be able to adopt approximations when necessary or 
advisable. 

8. The standard of measurement used in this country 
is the foot, the one-third of the standard yard; this ia 
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divided into twelve equal parts, called inches; these are 
subdivided into 8, 16, 32, 64, <&c., parts, and termed 
respectively eighths, sixteenths, thirty-seconds, siosty-fourths, 
&c., denoted by ^, ^ty FS"* w^y ^^'f ®^^ subdivision 
being one-half of tJie preceding. It is usual to denote 
the size of an object by so majaj/eet, inches, eighths, &c., 
as the case may be; this will be considered in tibe articles 
on scales. 

In some engineering establishments the decimal nUe is 
used, wherein the inch is taken as the standard, of which 
there are ten in each half of the rule, instead of twelve 
as in the two-foot rule; each inch in the decimal rule is 
divided into ten equal parts, these are again subdivided. 

The common two-foot being the most used, we shall 
take our dimensions by means of it. Fig. 1 represents 
a portion of this rule ; and £g. 2 the decimal rule. 
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CHAPTER n. 



4. "We •will nO"w give the student a few hints on the 
use of the necessary instruments required for mechanical 
drawing, assuming that he possesses a drawing-board, 
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a T-square, two set-squares, drawing-paper, a box 
of instruments, a scale, india-rubber, and pencils. 
One of the following sizes of board will be sufficient 
for present iise, — 2 ft. 4 in. x 1ft. 
9 in., or 2ffc. x 1ft. 6 in. The 
two set -squares should have 
angles 90^ 60^ and 30^ and 
90°, 45°, and 45°, respectively 
(see figs. 3 and 4). 

5. The drawing-paper for pre- Kg. 3. Fig. 4. 
sent tise may be of a common kind, and fastened down 
by pins; . convenient sizes of sheets are — Royaly 25 
in. X 20 in., Irwpefdaly 30 in. x 21 in. (using half-sheets). 
When the nature of the drawing demands it, a better 
kind of paper should be used, the most common being 
DouhU Elephcmty 40in. x 26in.; the smooth is best 
suited for fine-lining and shading.* The box of instru- 
ments should contain at least — dividers, a set of large 
compasses with lengthening-bar, pen and pencil legs, 
smaU pen and pencil bows, a draw- 
ing-pen, and a protractor, also a few 
drawing-pins. 

6. The drawing pencils best 
for ordinary use are, H, HH for 
fine work, and HB for sketching. 
!Figs. 6 and 6 show how to cut the 
pencil for using with the squares and 
bow-pencil (this flat chisel-point will 
last a considerable time compared 
with the roimd point). A small 
smooth file or sand-paper is useful to 
rub the pencil upon. Kg. 5. Fig. 6. 

As our drawings are to be inked-in, the pencil lines 
should be fine, and made with as little pressure as 
possible; all lines should be drawn sufficiently long at 
first, so as not to require producing. 

* If the drawing is to be coloured or shaded, it should be 
stretched and fixed with glue or gum and not with pins. 




12 



MACHINE CONSTBUCTION. 
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1 



f. 



Kg. 7. 



o 



Fig. 8. 



7. Lilies parallel to the long edges of the drawing-board 
tdionld be drawn with the T-square, as also Imes at 

right angles to these, if longer than 
an edge of the set-square (see figs. 
7 and 8). 

lines not parallel to the sides of 
the board are best drawn by Tising 
the set-squares (see fig. 9), or T 
and set-squares ; and lines at right 
angles to the one already drawn 
(whatever may be the position of 
that line) by reversing the set- 
square; in fig. 10 ab ia the line 
first drawn, cd a line at right 
angles to ab. 

Use the india-rubber as little as 
possible. 

8. The following distinguishing 
lines will be used in this book,~-Un- 
broken lines represent the form of objects, as a 6, 6c, &c., 

in £g 15.; if these lines cannot be seen 
from the fixed position in which we 
view them, they are shown by dotted 

lines, thus, , as in figs. 15 and 

16; these dotted lines are of the same 
thickness as the other lines of the 
object. lines Tised to determine the 
form, or construction lines, are shown 

as dotted lines,- , 

but not as thick as the former;* 

centre lines are shown thus, — • ; 

radius lines are shown thus, ^ > 

dimension lines are shown thus, « » 

Fig. 10. Shade or dark lines, will be introduced 
and explained at a later stage. 

The following notation will be used, one accent 

* For construction lines the student may use fine continuous 
lines instead of dotted lines in his pencil drawings. 
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over a number, as 2', denotes feet; two accents, as 6", 
inclies; thus, l'..OJ" means one foot and a quarter of an 
inch. 



CHAPTER III. 

9. Scales. — ^In fig. 11 let a represent a line two inches 
long, b one an inch long, and c one half-an-inch long; then 
if b represents a drawing of the line a, the scale would be J, 
or 6" = 1 foot; if c represents a, then the scale would be 
^, or 3" = 1 foot, and so on. 



a. (1) 



I. ri) 



. (i) 



Fig. 11 

10. When the scale is denoted by a fraction whoso numer- 
ator is unity, as ^, the denominator (in this instance 4) 
denotes how many times larger the object is than the 
drawing, the term larger to be used in the sense conveyed 
in the previous and following articles. 
' If the fraction is of the form f , the numerator being 
greater than unity, then we may consider the numer- 
ator as expressing how many imits of length (feet, 
inches, <fec.) there are in each line of the drawing, 
the denominator denoting the number of units in the 
object; for example, — a circle of 3" diameter if drawn 
to a scale of f would be represented by a circle of 2" 
diameter. 

11; The reduction in the sire of plane objecta^ -^^^^so^ 
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drawn to scale, is to be made in all directions, thus the 
square, fig. 12, is of one inch side, a drawing of it 
to a scale of i would be a square of ^" side, as fig. 13 ; 
one to a scale of J would be a square of J" side, as 
fig. 14. 




Fig. 12. 



Fig. 13. 



Fig. 14. 



In the case of solid bodies, which is the most general 
one, the reduction in the size of the object, as represented 
in the drawing, is to be made in every direction, — ^for 
example, a cube of V edge, fig. 15, is required to be 





Fig. 15. 



Fig. 16. 



drawn to a scale of |^, then every line in the drawing 
must be made one-half the length of the correspond- 
ing . line of the object. Fig. 16 is a drawing of 
the cube to a scale of J, the lines ab', Vc\ b'd\ &c., 
being respectively one-ha& the length of ah, be, bd, &c., 
in fig. 15. 



SCALES. 15 



12. The scales most frequently used are : — 



i, or6" =lfoot. 
i, or 3" = 1 foot, 
i, or 2" = 1 foot, 
i, or li"= 1 foot. 



A, or 1" = 1 foot. 
iV, or I" = 1 foot. 
uV> or I" = 1 foot. 
irV> or I" = 1 foot. 



■ii, or 4" =1 foot. 
itf or^"=l foot. 
iht OT i" = 1 foot. 



Fig. 17, Plate I., is an ordinary plam scale of ^, or 
3" = 1 foot, showing feet, inches^ and quarters of an inch. 
The left-hand six inches show eighths of an inch. 

Fig. 18 is a scale of -^, or 1"= 1 foot, showing feet, 
inches, and half-inches. Another kind of scale used is 
the diagonal scale. Fig. 19 shows such a scale of ^, or 
1 J" = 1 foot, showing feet, inches, and sixteenths of an 
inch. This is a good form of scale, and we can obtain a 
greater number of divisions of any given distance by 
means of it, than by the more common plain scale. It 
need hardly be remarked that accuracy of construclion is 
absolutely necessary, which remark also applies to all 
scales. The construction of the diagonal scale, %. 19, is 
as follows : — Draw a line, using the T-square, and set off 
along it distances of l^'^, these will represent feet; or 
mark off 6" or 12", and by repeated bisections obtain the 
required distance; at the left-hand extremity of this 
line erect a perpendicular, and along it step sixteen 
equal distances of any convenient length; through each 
division draw lines parallel to that firat drawn ; divide 
the left-hand foot into twelve equal parts, the scale now 
shows feet and inches; nimiber the scale as shown; draw 
a line from No. 11 on the bottom line to No. 16 on the 
perpendicular line, and from each inch in the bottom line 
draw lines parallel to 11 — 16 ; from each division, 1, 2, 3, 
&c., on the right of 06 erect perpendiculars ; the scale is 
now complete. The distance — 1 = I'' ; between — b 
there are sixteen lines (counting the top one); the 
diagonal of the rectangle 01a6 cuts these Hues and 
divides them, so that their lengths increase by -^ of 
— 1 (one inch); the lengths of the lines between the 
diagonal Oa and the perpendicular 06 are marked on the 
perpendicular line at 12, counting &oixi'^^\^\^^a!^ 
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The distance between the two dots on the horizontal 
line marked 8 is -^^ or ^" ; between those on line 6, 
l^.O^"; on line 13, 2\.7^'\ These examples will be suffi- 
cient to explain the use of the diagonal scale. By the 
ordinary ^^m scale it would have been impossible to obtain 
the small division we have in the present case, which is the 

Y^ of 1 J" (-^ X -^^xTS^)' *^* ^> *^® small distance on 
the horizontal Ime 1 between Oa, 06, = y^ of — 12.* 
Pig. 20 is a diagonal scale of y^, showing feet, inches, 
and tenths of an inch. The distance between the dots 
on line 9 is ^" or -9''; on line 7, 3^" or 3 7" ; on line 3, 
1'..8^'' or r..8*3". It is somefcimes necessary to make 
drawings larger than the object, for the purpose of showing 
more distinctly small intricate motions, &c. We may have 
drawings % (1^ times), 2, 3, &c., the size of the object. 
In making scjfles for such drawings the student will find 
no difficulty^ from what has been said on the subject oi 
scales. 



CHAPTER IV. 

13. We now pass on to consider the^r^^ lines to be made 
in a drawing, whether from a copy, a sketch of a machine, 
or from the rough sketch of a prbposed machine. 

First, as to the representation of surfaces. In all 
cases where a plane figure is symmetrical with respect to 
a given line, whether the line exists in the figure, or may 

be considered, for convenience, as 
existing in it, that line must be 
drawn first. For example, the 
circle in £g, 21 is symmetrical with 
respect to the lines ab, cd, these 
lines are to be drawn first, and 
the point of intersection, o, to 
be taken for the centre of the 
Fig. 21. circle. 

• The distance — 12 represents a foot, but is really only 1 J" long. 
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In Fig. 22 draw the lines ah, cd, ef before putting in 
the lines of the object. 



a 




Fig. 22. 

Secondly, with respect to solids; — a machine or piece 
of one. The drawing of any solid object being the pro- 
jection of that object on a plane or planes, the same 
statement as made for surfaces applies also for solids. 




Fig. 23. Fig. 24. 

Figs. 23 and 24 are two views of a cylindrical piece of 
iron, the line ab is symmetrical with respect to both 
figures, and is to be drawn first. Other cases will be 
noticed as we proceed. 

These first lines or centre lines should be very fine and 
distinct; * they are not retained in the drawing when 
inked-in in the case of finished drawings (line, coloured, 
or shaded) ; but for working drawings they are, and it is 
usual to ink them in with red or blue colour, as they are 
most important lines in such drawings. 

* In the examples we shall use a dotted Une thus, — • — . — , 
instead of a fine line, for the sake of distinction and convenience. 
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CHAPTER V. 

14. A DRAWiNa of any solid object is the projection of 
that object on one or more planes, giving one or more 
views of it. "We will state what a projection is, and 
what are the names given to the different views. In 
fig. 25 ABCD is the horizontal plane (your drawing- 




Fig. 25. ' 

board, for instance); CDEF the vertical plane; let a line 
ab be held perpendicular to the plane ABCD (and there- 
fore parallel to the plane CDEF) at a distance be above 
it and in front of the plane CDEF. If now the line ah 
is produced to meet the plane ABCD in c, the point c is 
the projection of the line ab; * from a, 6, draw lines per- 
pendicular to the plane CDEF, meeting it in a, b\ then 
a', V are projections of a, b; and if a', V be joined, the 
line alV is a projection of o^. c is called a ^^plaUf* and 
a'V an ^^ elevation** of the line ab. The two planes 
ABCD, CDEF, which are considered to be at right 
angles in fig. 25, are really one (the plane CDEF being 
turned down through a right angle), and are represented 
by the drawing-paper; the line CD in which the planes 
intersect is the ^* ground line** in our drawings, the line 
which divides the plan from the elevation. 

* The point c would be termed a ^^tTcm*^ in practical solid 
geometry. 
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A line perpendicular to the vertical plane, and above 
the horizontal plane, is shown by c?V, de is the plan of 
the line. In figs. 26, 27, the planes are shown by two 
views, £g, 27 being a front-elevation, and £g. 26 an end- 
elevation; the lines ab, de are similarly situated to those 
in £g. 25. a'b' is an elevation of ab, die an elevation 
of de. The 'plom of a6 is a point, the elevation of de is 
also a point. 




A.B. 



CD. AC 



Kg. 26. 



Fig. 27. 



16. To explain the several terms employed for different 
views of an object, and to show how these views are ob- 
tained, we shall use the object shown in figs. 28 to 31, 
Plate II. The student is requested to pay particular 
attention to this part of our subject, and thoroughly to 
understand it before proceeding to the application of the 
principles here laid down. 

The figure is a prism, whose base is a square upon 
which it rests, on the horizontal plane (ground); on three 
faces are placed small prisms differing in length and 
height, producing an object not symmetrical, as better 
suited for our purpose. Fig. 28 is a plan, that is, a projec- 
tion on a horizontal plane. Fig. 29 is an elevation, that is, 
a projection on a vertical plane situated at AB; the 
plane is then turned through a right angle, along 
the line AB (ground line) as an axis, giving the eleva- 
tion in the position indicated by £g. 29; the arrow 
shows the direction of projection, the observer being 
situated at E. If now we wish to have a view of t^hA 
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object as seen from F, erect a vertical plane at AD, and 
project an elevation on this plane; now turn the plane 
into the position AD', and we have the elevation shown 
by £g, 30. Fig. 31 is an elevation projected on the 
plane BC, the observer being at G. 

Figs. 30 and 31 may be projected similarly to fig. 29, 
as shown in figs. 32, 33, 34. Fig. 34 is a projection on 
the vertical plane AD, which is turned into a horizontal 
position, giving the elevation as shown. The same ele- 
vation is obtained in figs. 30 and 34, the only difierence 
being one of position; both methods are employed, con- 
venience generally deciding which is to be adopted ; the 
former, however, is the one chiefly employed. The 
circular dotted lines shown in the figures need not be 
put in your drawings after becoming familiar with the 
principles laid down. 

16. The elevations obtained in figs. 30, 31, are the 
same, both in form and position, as would be obtained if 
we were supposed to be looking at fig. 29 in the direc- 
tions H and K respectively, and saw it projected on the 
vertical planes at AD", BC". From these remarks the 
student will understand that the position of the object 
is between himself cmd its projection ; and when one eleva- 
tion is projected from another, as fig. 30 from fig. 29, 
the given elevation and the projection are in the same 
order as before, calling the given elevation the object ; 
for example, if the observer is at H, fig. 29, looking 
towards the figure, and wishes to draw the elevation as 
seen by him in that position, the elevation must be 
placed in the position occupied by fig. 30 ; similarly an 
elevation in the direction K would be placed as fig. 31. 

In practice it is sometimes inconvenient, owing to 
the size of one of the elevations, to follow out this order 
correctly; in such cases figs. 30 and 31 change places; this 
should, however, be considered only as an exception. 
The student is recommended to follow out strictly the 
order indicated, as it will save him much time and trouble, 
and make the study of projection more natural to him, 
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and will, at the same time, remove one source of error 
wluch lie is liable to fall into. 

Fig. 28 is a plan; fig. 29 a front-elevation; figs. 30 
and 31 end or side-elevations. The term "view" is often 
used instead of "elevation,** 



CHAPTER YI. 

The examples in this chapter may be used as drawing 
exercises, the figures to be (frawn full or half size. 

17. We will now apply the foregoing principles to the 
representation of various pieces of machinery, &c. 

Nuts. — Figs. 35 to 37, Plate III., are elevations and 
plan of an ordinary hexagcmal nut for a bolt 1" 
diametcB, as represented in scale-drawings; the eleva- 
tions are not quite correct, but are good approxima- 
tions. Fig. 35 is the plan; fig. 36 the front-elevation; 
fig. 37 an end-elevation. The construction lines clearly 
indicate how each view is obtained. In figs. 36 and 
37 the curves a'h' are considered as arcs of circles; 
their true form will be considered in the following 
figures. The greatest and least diameters of the nut are 
taken from a table of Whitworth StamdardSy a copy of 
which, with a few additions, is here given (see Table I.). 
The thickness of the nut {t) is equal. to the diameter 
of the bolt. "We shall not give dimensions of nuts in 
the details to follow, but refer the student to the table 
given. For ordinary scale drawings, sufficient acciuucy 
will be obtained in drawing nuts if we take the following 
as a rule for nuts for bolts under 1 J" diameter, viz., make 
the diameter across the angles = two diameters of the bolt. 
In figs. 38-41 we show the nut given in the preceding 
figures drawn full size; in this example the nut is turned 
on the top face and chamfered; there are two conmion 
ways of chamfering, that forming a conical outline^ and 
the one shown, which has a spherical otctlinej the raidina 
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of the'epliere equalling r in figs. 38, 39, 41. By & spheii' 
cal outliae 'we mean that tlie chamfered BurfocoB a's , h'f, 
itc., would touch the inner surface of a hollow Bphere of 
radius r. All aectiona of the sphere being circles, that 
made by the vertical plane «,«„ containing the fiice a'b'c'd', 
will be a. circle of radius r' and — ^ tiie greatest diameter 
of the nut; the curve b'a ia part of this circle. The six 
faces are all equal, it therefore follows that the cnrvea 
a'&',6'a' are also equal; but as those marked a'fr' are inclined 
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to the vertical plane (at 60° in figs. 38, 39, and 30° in 
figs. 40, 41), their projectiona, a'b' in figs. 39, 41, will not 
be portions of circles, but of ellipaes;* their construction is 
shown in dotted lines. Arcs of circles may be substituted 
for the portions of ellipses a'b', the error being small. 

18. Kgs. 42, 43,represent the nut drcumscribed by a 
hemisphere of radius r ^ 

in former figures; in the 
plan, fig. 42, are shown 
t-wo section planes Vi*,, 
v,Sf, each containing a 
face of the nut, as v, s, 
in fig. 38. On the left 
of the centre line in Fig. 
fig. 43 is shown one- 
half of the face con- 
tained in the plane v, Si, 
together with the por- 
tion of the sphere cut 
off by the same plane. 
On Uie right <^ the 
same figure the iace 
contained in the plane 
v,s, is shown; the re- 
maining portion of tie 
sphere cut by the plane 
is distinguished by sec- 
tion lines,t aa in the left-hand portion of the figure; 
the construction lines will explain how to draw fig. 43. 

19. The terms plan and elevation, as employed for figs. 
35-43, and for all details or parts of machinery, are only 
intended to apply in the cases represented; where 'we 
consider the object as a whole; for instance, in a machine 
we may have nuts in various positions, plana, and eleva- 

* The projection of a circle upon a plane, making an angle 
with Uie plaoe of the circle, ia an ellipse. 

t We Miall distingoiili the cat amucei or sectiouB of objeots 
hj dii^pmal lina^ m in fig. 43; 
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tions, in the same elevation of the machine; in that case 
we speak of the plan or elevation of the machine as a 
whole, and not with respect to its individual parts. 
Therefore, when we speak of the plan or elevation of a 
piece of a machine, we do not assert that that plan or ele- 
vation is always a plan or elevation; for what we term 
a plan in one case, may be an elevation in another. 




Fig. 46. 




Fig. 44. 

20. Bolts. — ^Figs. 44, 45, and 46 are three views of an 
ordinary IJ" bolt with hexagonal head and nut drawn 
to a scale of J. Fig. 44 is a plan; fig. 45 a front-eleva- 
tion; and fig. 46 an end-elevation, showing the screwed 
end of the bolt and the nut. The screwed part ah is not 
correctly represented in the figures, but is shown as is 
usual in small scale drawings; we shall consider the true 
form under the title of screws. The thickness of the 
head T = | of the diameter D of the bolt. Bolts are used 
for the purpose of connecting two or more pieces of 
material, and are made of various forms. Figs. 47, 48 
illustrate a common form, the head a is square, the 
portion h next to the head is also square, and fits into 
a square hole, which prevents its turning round while 
the nut is being screwed on; the diagonal lines on a 



and J are used to denote its form (usually only shown 
in working drawings) when an end-view is not shown. 




Fig 49 Fig. 60. Fig. 51. 

SI FigB 49 50 51 tepreaentanothermode of connecting 
two pieces by a bolt In this example the piece a can 
receive a amall clrtinge of position in direction ad; the 
bolt is prevented from tnming by the pin or kej/ c; eis e. 
washer. Fig. 49 is a sectional elevation made by a plane 
passing through the centre line of fig. 50. We do not 
show the bolt in section, as its shape is shown more clearly 
by not doing so; this is the usual form adopted. Fig. 50 
is an end-elevation J fig. 51 an end-elevation with the 
bolt in section, showing form of hole in a and pin c. 
Such a section is sometimes termed a cross- section, and 
fig. 49 a longitudinal-section. 

22. Bivets. — Another method of connecting two pieces 
is given in figa. 52, 53, illustrating a single riveted lap-joint^ 
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as used for boilers, &c. Rivets are used where the pieces 
are not required to be separated, and where the nature of 
the material will permit of the process of riveting. We 
may say, speaking generally, rivets are used to form a 
permanent connection, and bolts a temporary one. There 
are also other considerations besides these which deter- 
mine the method to be adopted. The lap is the distance 
a, the pUch p is the distance of the rivets apart from centre 
to centnc Fig. 52 is a front elevation ; on the right of 
the line he, the rivets are shown in section. Fig. 53 is 
a cross-section through he in fig. 52. 

Figs. 54, 56, show two views of the rivets used in the 

i 




Fig. 63 



Fig. 54 Fig. 55. 

example given in figs. 52, 53, before they are heated and 
fixed in position ; allowance is made in the length I for 
the head d, fig. 53. 

23. Shafting. — Shafts are used for the purpose of trans- 
mitting motion ; they are provided with wheels, pulleys 
or drums, cams, <fec., according to the kind of motion 
required, and are generally made of a circular cross- 
section, in some cases the section is square or of other 
form. The material chiefly used is wrougkt4ron; caaU 
iron and also steel are, however, in some cases employed. 
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The relative strength of shafts varies as the cube of their 
diameters ; that is to say, if a shaft of 2 inches diameter 
is strong enough to transmit four horse-power, then one 
four inches in diameter, under the same conditions, would 
transmit thirty-two horse-power.* 

24. The wheels, pulleys, <fec., are firmly connected to the 
shafts by means of keys, which are pieces of metal, 
generally steel, of a square or rectangular cross -section, 
and slightly taper in direction c?e, fig. 56, to admit of 
being driven home tight ; they should fit easily on the 
sides of the key-hed or key-way. In some cases the key 
is required to slide along the groove in the shaft with the 
wheel, the key being fiied to the wheel. Figs. 58, 59, 
illustrate one method of doing this, the key being dov^ 
tailed into the hosa a of the wheel. In the example 
shown in figs. 56, 57, the key has a head f to allow of 
its being droAvn, Fig. 56 is a sectional elevation, with 
part of the shaft in section, so as to show the key in 
full. Fig. 57 is an end-view. 

Figs. 58, 59, are similar views of the dovetailed key 
arrangement ; fig. 58, a sectional elevation, ^g, 59 an 
end-view. ThQ boss of the wheel is marked a, the shaft 
h, and the key c. * Scale \ for both examples. 

25. Another form of sliding key is shown in figs. 60, 
61, 62; the key has a head which fits into a circular hole 
in the boss of the wheel. Fig. 62 is a plan of the key. 

26. Fig. 63 is a front-elevation, and ^g, 64 an end- 
elevation, of an ordinary shaft; if the length is such 
that it cannot be shown in full according to scale, it is 
broken o/fjt as at ah, and the length is marked in figures, 
as shown. Projecting cylindrical pieces cc, termed 

*If cZ=dia. of the first shaft (2 in.), 7i= horse-power transmitted, 
d':=i dia. of the second shaft (4 in. ), h' = horse-power transmitted: 

Then/i -.h' :: d» : d'« 
4:/i'::8 : 64 
h' = 32 

+ This is the usual way of representing parts of machinery, 
which, for the reason stated, cannot be drawn in full. 
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colh/ra, are welded to the shaft, their object is to prevent 
the shaft from leaving the hea/rings in direction of its 
length. The portion between the collars is called the 
Tieck, and is supported in an accurately fitting surface 
termed a hea/ring. The length of the neck is generally 
made 1 J times the diameter of the shaft, for shafts under 
6 inches diameter ; some makers allow as much as two 
diameters, and in special cases even more than this. 

27. In cases where the fixed collars would prevent the 
fixing of wheels; pulleys, &c., a hose coUa/r d is used. The 
loose collar is shown in figs. 65 and 66. Fig. 66 is partly 
in section showing the screw/, which fixes the collar to 
the shaft. Figs. 63, 64, are drawn to a scale of \, Figs. 
65, 66, to a scale of \, 

28. Bearings. — By the term bearings is to be imder- 
stood the surfaces of contact between the shaft, or other 
moving piece, and its support ; the form of the bearings 
depends upon the kind of motion given to the moving 
piece. The motion of shafting is generally one of rotation,* 
the bearings are therefore surfaces of revolution, as circular 
cylinders, cones, &c. In figs. 63, 64, the bearings are 
cylindrical. 

If the motion of the shaft or other moving piece is one 
of straight translation (motion in a straight line), as, for 
example, the piston-rod and the slide-block of a steam 
engine, the bearings have a circular, square, triangular, 
or other straight-lined cross -section, and are perfectly 
straight in the direction of motion. 

A kind of motion made up of the two former is termed 
helical or screw motion, the bearings of which must have 
helical surfaces. 

The supporting pieces for the three kinds of motion 
named are, for rotating pieces, journals, hushes, and 
pivots; for straight translation, slides; and for screws, 
nuts, 

29. Journals are sometimes formed in the frame of the 

* The term rotation is employed to denote the act of turning 
ftbout an axis. 
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machine, and generally consist of movable pieces, termed 
steps, made of brass or other alloy. In cases where it is 
inconvenient or impracticable to adopt this form, pedestdU 
or plummer-blocks are employed, to which the steps are 
attached, as illustrated in the drawings of a pedestal, 
Plate XXIV., figs. 177 to 179. 

30. Bushes usually consist of a hollow cylinder of 
metal, cast-iron, steel, or brass, in which the shaft rotates; 
they are generally fixed in the frame of the machine. 
Two common forms of bushes are shown in figs. 67, 68, 
69, the drawing of which should present no difficulty to 
the student. In figs. 67, 68, the bush consists of a plain 
hollow cylinder 6, fitting accurately the hole in the frame, 
and fixed to the latter by means of a screw s; aia the 
shaft, cc the frame. Half the elevation in fig. 68 is in 
section. The bush shown in fig. 69, half of which is 
in section, has a collar d on one end, with a screw or 
screws passing through it, and fixing the bush to the 
frame; the same letters of reference are used for this 
example as for the former. Where the wear is consider- 
able it is not advisable to use bushes, unless they can be 
turned round a little, as they wear, or be replaced readily, 
as they soon get out of truth ; the common plan is to 
use movable steps, which admit of adjustment to com- 
pensate for wear. See drawing of pedestal, Plate XXIV., 
figs. 177 to 179. 

31. Slides. — ^In figs. 70, 71, is represented a common 
form of slide ; a is the fixed surface or bed, h the sliding 
piece, c is a strip, a piece of metal fixed to the sliding 
piece by the screws d, which is acted upon with screws 
e, so as to compensate for wear of the surfaces. Slides 
are of very common use ; among others we may mention 
the slide-bars of steam-engines, the slide-rests of lathes, 
the cross-slides of planing machines, &c. Fig. 70 is an 
elevation showing part of the sliding piece and bed ; the 
latter is in section, as also is the portion of the former, 
which shows the strip and screws. Fig. 71 is a plan. 
The figures are drawn to a scale of ^. 
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32. Nnts. — On Plate VIL b shown the beaiing sur- 
face of a Bcrew; fig. 87 is an elevation of the screw; fig. 89 
a sectional elevation of the bearing or nut, taken through 
the line SP in fig. 88; fig. 90 shows a section of the 
screw and nut in contact. The drawing of the screw and 
nut will be explained later on. 
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Pig. 71. 

83. CoapIingB. — Shafting is usually made in lengths, 
whose length varies according to circumfltancea, for con- 
venience in erecting and mounting, and to allow of discon- 
necting portions of it. These lengths are connected by 
couplings. We may divide couplings into two classes ; 
first, those used for shafts, which require disconnecting 
only at long intervals; and, secondly, where they are being 
disconnected constantly. 

l?he box huU, box half-lap, aad face-plate are the chief 
kinds used in the first class. In the second class there is 
a great variety, including cbttehes with &om. t-«^ \KKSOt^ 
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upwards, friction cones, &c. Plate V. shows two forms o* 
the first class, viz., the butt and the half-lap box couplings. 

Fig. 72, 73, 74, are views of the butt box couplii^; 
figs. 74 is a plan ; fig. 73 an elevation, showing in section 
the box and portion of the shaft ends, a and h ; fig. 72 is 
an end-elevation. The two shafts are swelled out at the 
ends so as not to reduce the strength of the shaft by the 
key-ways, and also that the box may pass over any 
collars that may be on the shaft. The ends of the shafte 
and the box are firmly connected by the key d. It is 
usual to place couplings near to the bearings, as shown in 
the figures ; the beaiing is on the shaft a, and is marked 
e ; c is the box. 

The half-lap box coupling is represented in figs. 75, 76, 
77, which are respectively end-elevation, front- elevation, 
and plan. The front-elevation is in section, showing the 
half-lap of the shafts and the connecting key. This 
coupling was introduced by Mr. Fairbaim.* Tbe follow- 
ing are the proportions given by him : — 

Area of coupling - - - = 2 x area of the shaft. 
Or. in other words, diameter of ) ^ ^.^^^ j ^I^ 

coupling - - - - ) 
Length of lap - - - - = diameter of shaft. 
Length of box - - - - = 2 x diameter of shaft. 

To which may be added outside I _ o i v, diameter of shaft 
diameter of box - - - J - ^^ ^ diameter ot snatt. 

Figs. 75, 76, 77, represent the coupling adapted for a 
3" shaft, drawn to a scale of ^. 

34. One form of the clutch or claw coupling is shown 
in figs. 75a, 76a, 77a. This is a convenient form of 
coupling to use for shafting which is to be connected and 
disconnected at either long or short intervals, that is to 
say, it may be used as a permanent coupling or other- 
wise. If it is used as a permanent coupling there are 
two equal halves similar to B, one on each of the shafts 
c and d, each half being fixed to its shaft by a key. But 
if the coupling is to be connected and disconnected 

Now Sir William Fairbaim, Bart. 
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fi-equently, one half will be fixed, as B, to tlie shaft d, 
and the other half A will slide upon, the shaft e, to whioh 
it is connected by the key e ; this key is swnk or let into 
the shaft, and its projecting portion fita the key-way in 
the coupling. Fig. 76a is a sectional elevation, made by 
the piano 8 P, fig. 77a, The figures show the coupling 
for a 2^" shaft, drawn to a scale of ^ 
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36. Helical or Screw Curre.— Figs. 78, 79, Plate VL, 

repifisent in front and end-eleration the helical curve, 
which is traced as follows : — If during the revolution of a 
cylinder a marker, which moves parallel to the axis of the 
cylinder and at a uniform rate, traces upon its surface a 
curve, the curve so traced is called the helical or screw 
curve. The distance moved through by the marker during 
one reTolution of the Cylinder is termed iiie pilch,- and 
the direction in which it moves detenmnes whether the 
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curve is riffht or l^t-hand. AsBumiog tlie cylinder to be 
turning in the direotion of the hands of a 'watch, as indi- 
cated in fig. 78, and the marker to move from ri^t to 
left (0—16, 0—8 in fig. 79), the curve is right-handed, 
and left-handed if vice versd. The curves shown in figs. 
78, 79, are right-handed and of the Bame pitch, but difier- 
ing in diameter; the pitch ia the distance 0^(0—16). 
In the example illustrated, the curves are supposed to be 
fine wires bent to the required form, or the cylinders upon 
which they are traced are supposed to be transparent, so 
that the b«ick half of the curve may be seea ; the fivnt 
half of the curve is marked — 8, the back half 8 — 1$. 
If the curve were a left-handed one, the portion marked 
8 — 16 would be the front, and that marked — 8 the 
back half. 

The length of the curve is equal to the hypothenuse 
of a r^ht-angled triangle abc, fig. 81, having for ite base 
the circumference of the cylinder, fig. 80, and for its 
hei^^t the pitch ah, tig. 82. And if the triuigle be 




Fig. 80. 
wound round the cylinder, keeping the base at right 
angles to the axis, the hypothenuse will assume the curved 
form shown io figs. 82 and 79, where ab = the pitch, 
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be = the circumference of the cylinder, and ac = the length 
of the curve, ac, fig. 81, is a development of the curve. 

36. The drawing of the curve is as follows : — ^Having 
the diameter of the cylinder and the pitch of the curve 
given; for the larger curve, divide the circumference 
of the circle, ^g. 78, into any convenient number of equal 
parts, divisible by i, as 12 or 16; and the pitch ah, in 
^, 79, into the same number of equal parts; in the 
example we Tise 16, numbering the points 1, 2, <&c., to 16, 
respectivelyin both figures. From 16, 1,2, &c., to 8 (9 to 15 
being in the same lines as the former), in fig. 78, draw 
lines parallel to the axis of the cylinder cc, and from 
1, 2, (fee, to 16,in fig. 79, lines perpendicular to the axis; the 
intersections of the lines 1 — 1, 2 — 2, 3^3, <feo., are points 
in the curve ; join these points and the curve is complete. 
In the top half of fig. 79, between 5, d, is shown a quarter 
of this larger curve, numbered 4 to 8. In the lower half, 
between 6, d, is shown a quarter of the smaller curve, nimi- 
bered to 4, which can be obtained similarly, the con- 
struction lines indicating clearly how to project it. In 
the examples, figs. 78 to 82, we have taken a sufficient 
number of points to determine the curve with a suffi- 
cient degree of accuracy for ordinary purposes ; if greater 
accuracy is required it can be obtained by taking a larger 
number of points on the circumference of the circle, and 
the same number between a and h. It will be noticed 
the curve is quickest between — 2 and 6 — 8, figs. 78, 
79 ; intermediate points may be taken between these to 
determine the curve more accurately. 

87. Screws. — Screws are made by cutting helical 
grooves, of a triangular, square, or other cross-section,* in 
cyHndrical pieces of metal or wood ; the ridge or pro- 
jecting part is termed the thread ; the pitch is the dis- 
tance between two consecutive threads, measured as 
described for the helix. Art. 35, page 33. The two 
common kinds of screws in use, excepting those for wood^ 

* A section made by a plane perpendicular to the directioii ol 
the length of the groove. 



36 MACHINE CONSTRUCTION. 

are the V or triangular and the square-threaded ; the for- 
mer is chiefly used for holts, studs, and set-screws; the 
latter to transmit motion by means of slides, as in the 
slides of lathes, planing machines, and other engineering 
tools, (fee. 

38. The V-threaded screw is represented on Plate VI., 
figs. 83 and 84. It is usual to denote the pitch, which 
varies according to the diameter of the screw, by so many 
threads per inch in length ; in the example shown the 
screw is 2 J" diameter, and has 4 threads per inch, equivalent 
to J'' pitch. In fig. 84 ah is the pitch, which is set off 
along the centre line, or upon the outline of the cylinder, 
as shown at 4, 4, a, h; having thus divided the screw for 
the pitch, draw aa', ah\ so that alaV contains an angle 
of 55°, oa', ah' being equally inclined to the axis ; from 
h draw hV parallel to aa meeting ah' in V'y V is the 
bottom of the groove; draw 5'4' parallel to the axis, 
meeting the centre line of fig. 83 in 4' ; with C4' as a 
radius, describe the semicircle 4'2'0', which will repre- 
sent the bottom of the groove or thread. 

The curves 45, 4a, aa, hh, &c., which form the tops of 
the threads, and a a', h'V, &c., which form the bottoms of 
the threads, are obtained in the same manner as described 
for the previous figures. The groove ah'h, fig. 84, is 
termed the space, and is occupied by a projecting thread 
in the nut. In this example we have divided the semi- 
circles which form half the end-elevation into 4 equal 
parts, and, therefore, the pitch into 8 equal parts. As 
each curve in making a revolution passes through a space 
ah, half the curve, as seen in fig. 84, will have passed 
through the space ch, or ^ah, numbered 1, 2, 3, 4. 
Fig. 85 shows an enlarged section of the thread. In 
drawing the V we may either draw aa inclined to the 
axis at 62|° (90° — *^°) by setting off the angle by means 
of a protractor from a horizontal line, as the axis^ or by 
placing the protractor at a, perpendicular to the axis, and 
marking off a line aa' inclmed to ae at 27^° {\ of 55°), 
ah' being drawn in a similar maimer. Having determined 
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the curves for the top and bottom of the thread, as shown 
by the dotted lines on the leffc-hand of fig. 84, the remain- 
ing curves may be drawn by means of templates, consisting 
of thin wood or card-board cut to the required form. The 
templates for the curves aWyoa, &c,y fig. 84, are shown in 
figs. 84a, 845. It is much better to make separate tem- 
plates for the different curves, than to try and make use 
of the ordinary movMs or cv/rves. The thread we have 
described is the " Whitworth Screw Thread"* 




^ Kg. 84a. / 



a 




Kg. 84&. 
In iig. 84 we have shown the thread of the screw with 
angular top and bottom; this, however, is not quite 
correct, but for convenience in drawing we may assume it 
to be so. The Whitworth screw thread has J of the 
depth rounded off at the top and bottom, as shown in 
fig. 86. ._ a 




Fig. 85. 
89. The following table contains a list of the number 
of threads per inch in length for screws from -3^" to 6" 
diameter, according to the' Whitworth Standard : — 

* Introduced by Mr. Joseph Whitworth of Manchester, now 
Sir Joseph Whitworth, Bart. 
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40. Sqnue-Thieoded Screws.— Plate TIL, figs. 86, 
87 represent a right-hajided square-threaded screw 2J" 
diameter, and having two threads per inch, oi ^'' pitch. 
A section of the thread of the screw made by a plane 
passing through £F, fig. 86, is a square 'whose Bide — ^ 
the pitch, the space being a square of equal side. The 
thread and apace, therefore, niaie up the pitch ; but this 
refera only to Bingle-threaded screws. We shall refer to 
this point shortly. The curyea for the elevation of the 
screw, fig. 87, are projected in amanner similar to that of 
the preceding examples, as shown by the construction 
lines ; the only difference is in the form of the thread, 
there being two parallel curves for the top and two for 
the bottom of tba thread in square-threaded screws. At 
ef, fig. 87, the back half of the thread ia shown in dotted 
lines, portions of which, /g, eh, are in full where they 
cross the space. It will be noticed the dotted curves are 
inclined in the opposite direction to those shown in full. 

41. As previously stated. Art. 28, page 29, the bear- 
ings of screws are nuts which fit the former accurately. 
Figs. 88, 89, represent in half-plan and sectional eleva- 
tion a nut for the screw shown in figs, 86, 87. The curves 
are exactly similar to those t£ the screw, and in the half 
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ahown in fig. 89, they are inclined in the same direction 
as the dotted curves efy fig. 87 ; in the half of the nut 
removed they are in the opposite direction. 

The construction lines show how fig. 89 is drawn. Fig. 
90 is a section of the threads of the screw and nut, 
showing them in contact. 

42. In figs. 83, 84, and 86, 87, we have shown how to 
draw the true form of the threads of screws, V and 
square-threaded ; however, in most instances, approxima- 
tions to the true form are employed, and, generally, the 
smaller the scale of the drawing the further the approxi- 
mations are carried. Kgs. 91, 92, Plate VIII., represent 
the V-threaded screw shown in figs. 83, 84, drawn to a 
scale of \\ the curved lines oa, a! a are here replaced by 
straight lines. Eig. 94 is drawn to a scale of ^, the 
Vs not being shown. In smaller scale drawings lines 
are used to represent the tops of the threads only, as at 
c, (£, fig. 70. Mgs. 95, 96 represent a righlrhomded double 
sqvMre-th/readed screw, 2 J" diameter, 1" pitch, scale ^. 
The curved lines are replaced by straight ones. As there 
are two independent threads on this screw, the sections 
of the thread and space will be squares whose sides 
= J the pitch. If there were three threads on the 
screw, then the squares would have sides of J the pitch. 

43. We will now define the term pitch, so that it shall 
be independent of the number of threads in the screw, 
which we consider to be the clearest manner of express- 
ing it. In all cases either the screw or the nut is fixed, 
and prevented from moving lengthwise (in direction of 
the axis of the screw) ; we shall consider the nut to be 
the moving piece, as being most suitable for the defini- 
tion. The pitch of a screw is the distance moved through 
by the nut during one revolution of the screw. To find 
the size or thiclaiess of the thread for square-threaded 
screws, divide the pitch by twice the number of threads 
in the screw, and the quotient will be the required size. 
In fig. 96, a& = the pitch, and therefore the thickness of 
the thread = ^ ab. 



40 



MACHINE CONSTRUCTIOIT. 



44, Screws are right or left-handed, according to the 
direction in which the nut moves; when the screw is 
turned round in the direction of the hands of a watch, 
the nut moves in the direction ha, figs. 92, 94, 96, from 
left to right, the screw is therefore rigkb-homded; and left- 
ho/nded if vice versd. 

A left-handed square-threaded screw, 2 J" diameter, ^" 
pitch, is shown in figs. 97, 98, drawn to a scale of J. 
Fig. 98 shows a common approximation to the true form 
of the thread. If the screw be turned roimd in the 
direction indicated by the arrows, the nut will move in 
the direction cd), from right to left. 

Screws are considered to be right-handed single thread, 
unless otherwise stated. Left-handed screws are only 
used in special cases. 

45. For square-threaded screws there is no strict 
standard for the number of threads per inch of length 
according to the diameter of the screw, as there is for the 
Y-threaded screw. In some establishments the rule is, for 
the same diameter of screw, to allow the number of threads 
per inch to be one-half that of the V-threaded screw. 
This rule agrees very nearly with the following table : — 
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CHAPTER VII. 

46. In this chapter we shall consider some of the 
kinds of wheels used as connecting pieces between shafts 
for the direct transmission of motion. 

Spur Wheels, are used for the purpose of transmitting 
motion from one shaft to another when the shafts are 
parallel. If the wheels are circular the motion is regular; 
and it is irregular in the case of elliptic and hhed wheels. 
We shall only consider the former kind, and confine our- 
selves to the simplest form of spur wheels, those having 
teeth projecting from the rim and parallel to the axis of 
the wheel. By giving proper diameters to the wheels we 
may obtain any required number of revolutions, within 
certain limits, for each shaft respectively. 

47. In figs. 99, 100, Plate IX., A and B are the 
centres of two shafts, wldch are required to be connected 
by spur wheels, so that B shall make two revolutions to 
one of A. Required the diameters of the wheels. From 
A draw any line A6, making an angle of about 30® with 
AB, and upon it set off Ac, ch, so that Ac = 2cb, 
Join B&, and from c draw cC, parallel to B&, cutting 
AB in C, then AC, BC are the required semi-diameters 
or radii. We could have found C by dividing AB by 
trial, as the division is a simple one; but the plan 
adopted can be applied whatever be the ratio of the 
diameters of the wheels, and is therefore a general solu- 
tion. The wheel A we shall term the driver and B the 
follower. 

The act of giving motion to a piece is termed driving 
it, and that of receiving motion from a piece is termed 
foUoioing it.* 

In this example we have considered the wheels to be 
toothless, and to be rotting together without sliding, so 
that for each inch or fraction of an inch of the circumfer- 
ence of the wheel A passing the point C, an equal length 
* Principles of Meckanismf by Prof. Willis. 
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of the circtunference of the wheel B passes the same 
point. The two shafts rotate in opposite directions; thus, 
if A turns in the direction of the hands of a watch, B will 
turn in the opposite direction. Wheels used to transmit 
motion are usually provided with teeth to ensure regu- 
larity of motion and the transmission of greater force 
than could be obtained conveniently with toothless wheels. 
The circles CDE, CFH, then become the pitch circles of 
the wheels, which are situated near the middle of the 
length of the teeth. See CL IX. on the Teeth of Wheels. 

48. The diameters of wheels are generally referred to 
their pitch circles; thus we speak of the diameter of 
the pitch circle of a wheel of, say, 30 teethy \" pitch. 
Figs. 101, 102 represent a pair of wheels in outline (not 
showing the form of the teeth), A has 24, and B 18 
teeth, \" pitch. The pitch is the distance, measured 
along the pitch circle, from the centre of one tooth to the 
centre of the next tooth. In ^g, 101 the dotted circle 
marked t represents the top, and that marked h the 
bottom of the teeth. A is a plate wheel, the boss is 
marked a ; c is the plate, and d the rim of the wheel. 
The wheel B is solid, having projecting pieces, e, on each 
side, termed facinga. The figures are drawn to a scale 
of \, To draw the wheels it is necessary to know the 
distonce AB and the diameter of one of the wheels, 
from which we can readily obtain the diameter of the 
other, or the diameters of both wheels. We will take 
the problem as follows : — 

49. Given the number of teeth and the pitch of a pair of 
spur wheels, and the kind of wheels (solid, plate, or with 
arms), to make a drawing of them in outline. Having 
drawn the common centre line AB, fix upon A or B for 
one centre ; now find the diameter of each pitch circle, 
which may be done as follows:— The diameter of a circle 
bears a constant ratio to its circumference, the ratio is 
1 : 3*1416, or 1 : 3^ nearly, that is to say, the circumfer- 
ence is 3*1416 times the diameter; therefore, knowing 
the number of teeth and the pitch, we can easily find the 
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diameters of the pitcli drcles. The number 3*1416 is 
usually denoted by the Greek letter v . Using decimals 
in our calculations we have f " = '75"; therefore the cir- 
cumference of A = -75" X 24; and the diameter = -^^^ 
= 5-72" or 51" nearly ; the diameter of B = '^r,^ = 4-29" 
or 4^" nearly. From A set off AC = J of 5f ", and 
from C mark off CB = J of 4^^" (these dimensions being 
taken according to the scale of the drawing). From 
A. and B as centres with radius AC, BC, respectively, 
describe the pitch circles PC. From C mark off along 
AB the top and bottom of the teeth of each wheel, 

makiTig the top j^, and the bottom j-*, of the pitch; 

through these points describe the circles t, b, for each 
wheel. The remaining dimensions for A are as follow : — 
Thickness of rim d f " ; diameter of boss 2 J", diameter of 
hole in boss for shaft 1 J" ; key for shaft y^" square, fixed 
half in wheel and half in shaft; width of teeth/ If"; width 
through boss 2"; and thickness of plate -I". THiiese dimen- 
sions are usually given in terms of the pitch, to which we 
shall refer later on. In ^, 102 half of each wheel is in 
section. 

50. We will give a formula which connects the three 
varying quantities (the pitch, niunber of teeth, and 
diameter) of the pitch circle. Let P stand for the pitch, 
D the diameter of the pitch circle, and N the number of 
teeth, Pand D being given in inches and parts of an inch; — 

then P X N = D X TT - - - - (1) ; 

which may be put in the forms — 

N = ^- .(2), D=?^. .(3). 

If we know any two of the quantities N, P, or D, the 
third may be found. Equation (3) is the form most 
required. 

51. Bevel Wheels. — ^If the shafts to be connected are 
not parallel, but lie in the same plane, bevel wheels are 
used to connect them. They consist of frusta of cones 
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provided "with teeth on the conical surface. We shall 
consider them in the first instance as toothless. Eirst, 
when the shafts are at right angles : — ^Let it be required 
to connect the axes A and B (oa, aV, hb, h'h'), figs. 103, 
104, by means of bevel wheels, so that A shall make two 
revolutions to one of B. Upon h'V, ^g, 103, set off from 
D along D6' any convenient length Dl as a imit of 
length; and upon aa, from D, a distance D2 equal 
to two of the same units of length. Upon Dl, D2, 
describe the rectangle D1C2, and draw the diagonal 
DC. Let e'f be the greatest radius of the driving 
wheel, draw ff parallel to aV, meeting DC in /. 
Through f draw Imes parallel to a a and h'h' ; make 
eg = ef, and hk = A/; then gf and kf will be the required 
greatest diameters of the wheels. Join D^, D^ {/cDg 
will be a straight line), then D/gr, J)fk are two cones 
having a conmion vertex D, which, being centred upon 
the axes A and B {a! a', h'V), will revolve in contact so 
that the axis A shall make two revolutions while the 
axis B makes one. The line Df is the line of contact. 
Frusta of cones are used for the wheels, as shown in the 
figures. Fig. 103 is an elevation, ^g. 104 a plan, of the 
wheels. 

52. We will now extend the case to include bevel 
wheels whose axes are not at right angles; but, as in the 
former case, lying in the same plane. In figs. 105, 106, 
the axes A and B (aa, hb, aW, h'V) are inclined at an 
angle of 60°, and when produced meet in a point D. 
It is required to connect the axes so that B shall make 
three revolutions to two of A, the greatest diameter of 
the wheel on A to be equal to e'f, ^g, 106. Draw the 
ajtes hD, Da to contain an angle of 60°. Upon Da set 
off D2 = 2 units of length (Dl), and upon D6 set off 
D3 = 3 of the same units. Upon D3, D2, describe a 
parallelogram D2C3, draw the diagonal DC, which is 
the line of contact. Draw ff parallel to oa, meeting 
DC in/, through/ draw/e^, fMc perpendicular to aa, hb, 
respectively, makiwg eg = ^ and hk = hf. Join DA;, D^, 
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then "D/k, D/g are two cones whicli are the pitch surfaces 
of the required wheels, as in the last example ; frusta of 
these cones are used for the wheels. The same equations 
are applicable for bevel wheels as those given for spur 
wheels in Art. 60, page 43. 

63. We will now take an example, applying it to the 
case of equal bevel wheels with axes at right angles, 
called mitre wheels. Fig. 107 is an elevation, and fig. 108 
a plan, of a pair of mitre wheels in gear of 24 teeth, V 
pitch ; the diameter of pitch circle = 7-636", or 7f " nearly. 
Draw the centre lines aa, aa, bb, b'b\ and the piteh circles 
^, ^ in plan and elevation, join Of, Cg, Ok, fig. 108. 
From fdrsiw fe perpendicular to C/", meeting the axis aa 
in e, and join eg ; then eg is perpendicular to Cg, Draw 
similar Imes from / and k for the other wheel. From/ 
along Ife set off the top t and bottom p of the teeth of 
each wheel, as shown at g ; from each of these points 
draw lines to C. Upon /C or ^C mark off gm, equal 
the width of the teeth, making both wheels similar. The 
construction lines show how to complete the drawing. 
The teeth of bevel wheels are made of the same size as 
the teeth of spur wheels of the same pitch at tgp, &g, 108, 
but as they radiate to a common centre C, they decrease 
in size the nearer they are to that centre. Tbe follow- 
ing dimensions may be added :-Diameter of hole for 
shaft IJ"; diameter of boss 2J''; width through boss 2|"; 
width of teeth gm 2^"; and the key -3^" square. The 
other proportions of the teeth are to be taken from one 
of the sets of dimensions given in Art. 66, page 51. 

We shall treat bevel wheels more fiilly in the Advanced 
Work of this Series. 



CHAPTEIl Vin. 

54. The connection between shafts by means of pulleys 
and bands for the transmission of motion. 

Pulleys and Bands. — In the previous chapter WQ Qoix- 
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vhich ihey tnni shall be the same, as sbowii by the 
arrowB in fig. 109. The diameters of the pulleys on S, 
and Sg -will therefore be equal, as would be the case if 
they were toothed wheels. The amount of belt surface 
in contact with the pulley on S^ is equal to aa, and that 
on Sj to bb; and as the pulleys are of the same diameter 
aa^bb. 
This is termed the op&t belt anuogement. 




I If the shafts are required to turn in opposite 

Eions the belt is crossed, aa shown in figs. Ill, 

f not only is a difference produced in tlie direction 

W motion of the shafts, but also a greater amount of 

Mt surface is brought into contact with the pulleys than 

> the open belt, as shown at aa, 66, fig. 111. The belt, 

' passing from a to 6, turns thi'ough two i-ight angles ; 

S^ where the two portions of the belt, ab, ai, crtiai. 
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they are at right angles to the position in which they 
leave the puLeya at oo, bb. 

68. la the two examples shown in figs. 109-112 the 
pulleys are of equal diameter, therefore the number- of 
i-evolutions of eaih pair of shafts will be the same ; but 
by varying the diameters of the pulleys in the same man- 
ner as in a pair of toothed wheds, we can give any ratio 
of number of revolutions to the two shafts within certain 
limits ; for example, if the pulley on S, — 24" diameter, 
and that on S^ =8* diameter, then S^ will make three 
revolutions to one of S^. 

When a very great difference in the number of re- 
volutions of two shafts 
is required, one, two, 
or more intermediate 
shafts and pulleys may 
be employed. 

69. Pulleys are gen- 
erally curved on the 
onter surface, as at pa, 
fig. 119, Plate XIL, 
which tends to keep 
the belt on the pulley. 
The greatest disHneter 
of the pulley is in the 
middle of its breadth, 
pq ; and as the ten- 
dency of the moving 
belt is to rise to the 
highest part of the 
pulley, the belt is 
thereby kept central 
pulley ; 

f the 
pulley. 

Fiy. lia Fig. 114. 60. The two ar- 

rangements shown in figs. 109-112 are often combined 
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and employed as a reversing motion, which is illustrated 
in figs. 113, 114, where 8^,82 are two shafts, S^ being 
the driver and Sg the follower; a,h,c are three pulleys on 
the shaft Sg; a and c are keyed to the shaft, but h is 
loose upon it, so that it may turn without turning the 
shaft; 5 is a pulley keyed to the shaft S^. Two belts 
are used, an open one e and a crossed one /, and they are 
so arranged that oi^e of them is always upon the loose 
pulley. In the position shown in Rg, 113 the open 
belt is on the fast pulley a, and the crossed one on the 
loose pidley 6, so that Sg turns in the same direction 
as Si ; if now the two belts are moved so that e is upon 
the pulley b, and / upon the pidley c, then Sg will turn 
in the opposite direction to S^. By this means a revers- 
ing motion is obtained for the shaft Sg. It is employed 
in planing machines, screw-cutting lathes, &c. 

61. By using a fast and a loose pulley on the shaft 83 
and a single belt, the shaft may be stopped and started at 
pleasure; this is termed the fast and loose pulley arrange- 
ment. 

62. Cone or Speed Pulleys are employed where a 
limited change in the rate of motion (number of revolu- 
tions per minute) of two shafts is required. Figs. 115, 
116, Plate XII. , represent an arrangement of speed pulleys ; 
Si and S2 are the two shafts, on each of which are fixed 
speed pulleys A and B respectively. Each pulley is 
made up of three pulleys or speeds, h, c, d, of different 
diameters, increasing in radii by a common quantity a. 
The pulleys are arranged as shown in the figures, so that 
the smallest speed of the set on A is connected with the 
largest of the set on B ; and as the diameters 6, c, d of the 
pulleys A and B are equal, the length of the belt is 
constant for each of the three positions in which it may 
be placed when connecting the speeds b — d, c — c, d — 6. 
Let A be the driver, then when the belt is in the 
position shown (on b—d), S^ rotates a greater number 
of times in a given time (a minute) than Sg ; when 
the belt is on c — c, S^ and Sg rotate the same number 

2 E D 
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of times per minute ; and when the belt is on d — 6, S^ 
rotates a less number of times per minute than S2. 
By increasing the number of speeds a greater amoimt 
of variation can be obtained ; however, it is not usual 
to employ more than six speeds. 

68. The common quantity a is termed the faU or 
step; if the diameter of the smallest pulley = ft, then the 
diameter of c = b + 2a, and the diameter of d = c + 2a; 
thus, let the diameter of 6 = 12'^, and a=l^", then the 
diameter of c = 12" + 3" = 15", and of c? = 15" + 3" = 18". 

The sums of the diameters of the two connected 
pulleys are constant, thus h + d = 12" + IS" = 30", 
c + c = 15" + 15" = 30", and d + b= 18" + 12" = 30". The 
arrangement is independent of the distance between the 
axes e. Speed puUeys are employed in a variety of 
machines, of which perhaps the most common is the 
lathe. 

64. Figs. 117-119, Plate XII., are elevations of a 
speed pulley; the faU is IJ", and the diameters of the 
speeds are 1'..5", 1'..2^", and 1'..0". In this example the 
pulley is fixed on the end of a shaft a, one of the bear- 
ings of which is marked e, fig. 119. Fig. 117 is an end- 
elevation of fig. 119 proj ected in the direction D. Fig. 118 
is an end-elevation of ^g. 119 projected in the directior 
E; the top half of this figure shows the inside of th' 
pulley, the plate / having been removed ; the bottoi 
half shows the plate in position. The greater portion t 
fig. 119 is in section, portion of the shaft is also in sectic 
showing the mode of connection between the pulley ai 
shaft. The plate / is connected to the pulley by mea 
of three screws g, one of which is shown in figs. 118, 1 J 
in the top half of fig. 118 are shown the two holes g^, 
receive the screws g : this plate is pro^dded with a bos 
which is bored out to the same diameter as the shaft u 
which it runs loose, k is the boss of the pulley; 
connection between the shaft and pulley is made 
means of a key let into this boss and the shaft ; / 
washer fixed to the shaft by means of a set-screw 



TEETH OF WHEELS. 51 

use is to prevent the pulley from "working loose on the 
shaft. The following are the remaining dimensions : — 
Width of each speed 3"; boss k 4|" diameter x 3^' 
through ; boss h i" diameter x 3" through ; diameter of the 
shaft a 2J"; thickness of metal at/^", at m -^"^ and at 
n -^'y diameter of set-screw o f"; diameter of set-screws g 
i"; washer 1 34" diameter x |" thick; key ^ square and 3^" 
long. The whole is of cast-iron except the shaft a, the 
screws g and o, and the washer Z, which are of wrought- 
iron, and the key, which is of steel. The outer surface of 
the speeds is curved as shown at pq, the amount of con- 
vexity is that stated in Art. 59, page 48. 

The drawing of these figures should present no difficulty 
to the student, as there are no lines to be drawn other than 
straight ones, circles, and arcs of circles ; and they should 
be drawn to a scale of not less than \, In oM cases the 
stvdent shovM work from the written dimensions when given, 
rather than apply a scale to the figures, or copy off the 
dimensions by means of instruments. This remark applies 
to all the figures in this book, and generally in all cases. 



CHAPTER IX. 

65. On the Teeth of Wheels.— In chapter VII. we 

considered spur and bevel wheels, without respect to the 
form of the teeth; we shall now proceed to state the pro- 
portions of the teeth of such wheels, and certain practical 
methods of drawing them, leaving the consideration of 
the various curves used in their construction for our 
Advanced Work. In Art. 47, page 41, it is stated why 
teeth are necessary for wheels, and in Arts. 48 and 49, 
page 42, we worked out an example of a pair of spur 
wheels in outline; we will now complete the example for 
the wheel A showing the teeth. 

66. Before working out this example, we will give the 
proportions of the several parts of tha "^^^Xx* '\XSs»>i5s^i5^ 
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to refer the dimensions of the teeth to the pitch of the 
wheel. In fig. 120 is shown a tooth divided into its 
several parts; PC is the pitch line (a circle in the case of 
circular wheels), AD the pitch, T the top of the tooth 
(outside the pitch line), B its bottom (inside the pitch 
line), W the thickness, T + B the total depth of the tooth, 
and S the space between two consecutive teeth; AD, W, 
and S are measured along the pitch line; R is the thick- 
ness of the rim. One set of dimensions is shown in fig. 
121, where ah represents the pitch (1 J" in the figure) and 




Fig. 122. 
is divided into 10 equal parts; of these T = -33, T + B = 
•75, W = *45, S = *55, E; = *45; or, calling the pitch jt?, 
T = j9 X -33, T + B = jp X -75, W = jt? x -45, S = jc; x -55, 
R = jp X '45. The usual width of the tooth on its face 
=jo X 2-5. 
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Another set of proportions is obtained by dividing the 
pitch into 15 equal parts, as shown in fig. 122, and mak- 
ing T = ?|, B = ?|, W=I, and S = i. There are other 

^ 15 16 15 15 

proportions used by difierent makers, which come very 
near to one or other of the above sets. The form of the 
tooth (e/g, ^, 120) is of considerable importance; there 
are three chief forms in use; in the examples in this book 
we shall use the cycloidal form of tooth. 

67. In figs. 123, 124, Plate XIII., is shown in eleva- 
tion and plan the spur wheel of 24 teeth and f" pitch, 
whose dimensions are given in Art. 49, page 42. We have 
substituted arcs of circles for the epicycloids and %jt?o- 
cychids which form the curved surfaces of the teetn, as 
is usual in scale drawings; however, in making the wheels, 
the form of the teeth should be obtained correctly, and 
then approximations may be used for drawing purposes. 
The approximations employed in this example are very 
near the true form. 

Having drawn the centre lines ex^fy, the pitch circle 
SP, and the circles for the top and the bottom of the teeth, 
divide the pitch circle into 24 equal parts; take one of 
the pitch points, as a, and mark on each side of it a dis- 
tance a6 = ^W; from c? as a centre with a radius dh 
( = the pitch + \ W) describe the top of the tooth hb; and 
irom c as a centre with a radius cb { = the pitch - ^ W) 
describe the bottom of the tooth* 56' (the points d and c 
are the centres of the teeth on each side of a). Then bbb' 
is one side of a tooth; by repeating the operation its other 
side can be drawn, and in like manner the remaining 
teeth of the wheel. The student will find it better first 
to draw all the tops and then the bottoms of the teeth, 
so that only one alteration of his drawing instrument will 
be necessary. Fig. 123 is an elevation, and fig. 124 is a 
plan, of the wheel; the right-hand half of the plan is in 
section, as made by a plane S^Pj, fig. 123, showing the 
key in position; the other half of the plan is an ordinary 
projection showing the teeth; the construction lines indi- 
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cate how eacli is obtained. The top of the tooth is some- 
times termed the /ace, and sometimes the addendum, while 
the bottom of the tooth is called the flcmk. 

68. To facilitate the drawing of the teeth of wheels 
formed by cycloidal curves, an instrument ha^ been 
designed by Professor Willis, by which arcs of circles are 
substituted for the curves; the result gives a very near 
approximation to the true form. The instrument is called 
by its inventor the Odontograph ; fig. 125, Plate XIV., 
is a drawing of it to a scale of ^. For practical use it 
may be cut out in card-board or sheet metal; the student 
will be able to construct the instrument from the figure 
and the following description : — Having provided a rectan- 
gular piece of card-board, 13" x 7 J", upon one of its edges, 
as AB, take a point T about 2^ from B ; on each side of 
T set off distances of ^"; divide each of these into 10 
equal parts, and number them as shown; from T draw 
TO so that the angle BTC contains 75°. The tables are 
to be copied from the figure; the top one contains the 
centres for the flanks, and the bottom one those for the 
faces of the teeth; the first column in each table contains 
a list of certain wheels of from 13 to 150 teeth; the whole 
of the wheels are not given, because the error in taking 
from the column the nimibers for the wheel nearest to 
the one required is very small* and practically inappre- 
ciable. The remaining columns contain respectively the 
numbers for the centres of the faces and for the flanks of 
the teeth of the wheels given in the first column, for 
pitches advancing by quarter inches from T' to 2 J", and 
for a pitch of 3''. The numbers for intermediate pitches 
may be found by direct proportion from those given; thus, 
for Y pitch, by halving those of 1" pitch; for Z\" pitch, 
by doubling those of If" pitch; and so on for other 
pitches. 

69. An example will explain how to use the instru- 
ment. In figs. 126 and 127, Plate XV., A is the centre 

♦ The error in the curves for a wheel ;o£ 3" pitch is less than 
j^ of an inch. 
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and PC the pitch circle of a wheel of 29 teeth, 1^" pitch. 
Fig. 126 is drawn to a scale of ^, and fig. 127 shows a 
portion of the former figure drawn full size. Let it 
be required to describe the teeth of the wheel. From A 
draw any radial line AB cutting the pitch circle in m, 
from m set off along the pitch circle ml), mE, each equal 
to one half of the pitch ; from D, E, draw radial lines 
DA, EA. For the flank of the tooth place the line CT 
of the instrument upon the line AD, so that T coincides 
with D; now look to the table of centres /or the flanks of 
teeth, and in the column of 1 J" pitch, opposite 30 teeth 
(nearest to 29) is the number 21. The point numbered 
21, counting from T to A, on the scale of centres for the 
flamiks of teeth is the centre requii-ed; we will call 
the point A; and from A as a centre with a radius 
hm describe the arc mp, which is the required 
flank. To describe the face place the line CT upon 
AE; in the table of cemi/res for the faces of teeth 
opposite 30 will be found the number 9, counting from 
T to B; mark off this number from the scale of centres 
for the forces of teeth; we will call the point h', from this 
point as a centre with a radius Jem describe the arc rrm, 
which is the required face. By repeating these curves 
the other side of the tooth can be drawn, and also the 
remaining teeth. From A as a centre with radius AA, 
AJc, respectively, describe circles hq, rh These circles 
contain the centres {h, k) of all the teeth, which are to 
be described with the radii hm, hm. We will apply the 
instrument to draw the teeth of a rack and pinion. 

70. Back and Pinion.— Figs. 128, 129, Plate XVI., 
represent, in elevation and plan, a rack and pinion in 
gear; the pinion A has 16 teeth, V pitch; B is the rack, 
the pitch line of which is a tangent to the pitch circle of 
the pinion at the point 6. Having drawn the centre lines, 
describe the pitch circle PC of the pinion, which is 5*091" 
or 5^^" diameter, and draw pi the pitch line of the rack ; 
divide the circumference of the pitch circle into 16 equal 
partS; mark off the thickness of each tooth on tbo 
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pitcli circle, one lialf on each side of tlie points 8, t, u, &c., 
then mark off the top and the bottom of the teeth from the 
first list of proportions given in Art. 66, page 51, and 
describe circles for them, as shown in the top left-hand 
quadrant of fig. 128. Now divide the pitch line of the 
rack for the teeth, so that a tooth of the rack shall be in 
contact with a tooth of the pinion, as at a, the pinion 
being the driver and turning in the direction indicated 
by the arrow. 

To describe the teeth for the pinion, find the points h and 
k for the flanks and the faces of the teeth, as in Art. 69, 
page 54, the numbers being 40 and 6 ; through h and k 
describe circles having P for centre. These circles will 
contain the centres h and k for all the teeth; with hm and 
km as radii, describe the flanks and the faces of the teeth. 
In fig. 129 one half of the pinion is in section, as made 
by a section plane SiP^, fig. 128 ; the other half shows a 
projection of the teeth. The teeth of the rack are ob- 
tained in a maimer similar to those of the pinion, as is 
shown in fig. 130, where j9? is the pitch line, and where 
D, m, and E, are points corresponding to D, m, and E, 
in fig. 127; AD and AE are drawn perpendicularly to 
the pitch lijie, because jp^ is a straight line. The points 




Fig. 130. 
h\ k\ are obtained from the scales in the same way as for 
the pinion; the numbers 10 for the flanks and the faces 
are taken from the bottom line of the tables. 
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The teeth of the rack in fig. 128 are described in the 
i^ame manner as those in fig. 1 30. 

71. A Spur Wheel and Pinion in gear is shown in 
figs. 131, 132, Plate XVII. The pinion A is the driver, 
and the wheel B the fellower ; the former timis in the 
direction indicated by the arrow; the latter will there- 
fore turn in the opposite direction. The teeth are of the 
same form as those previously described in Art. 69, and 
the pitch is 1 J"; A has 19 teeth, and B has 50 teeth. 
The diameters of the pitch circles are by equation (3), 
Art. 50, page 43, for A 7-558" or 7^^", and for B 
19-890'' or 19f". 

Having drawn the centre line ay, fix upon a point for 
the centre of one of the wheels, say, E for the pinion A ; 
from E mark off along ya W> = \ of 7 j^", and from h 
mark off 6I> = J of 19J"; through E and D draw the 
centre lines dx^ ez. From E and D as centres with radius 
E6 and D6 respectively, describe the pitch circles PC, 
and circles for the top and the bottom of the teeth, taking 
the proportions for these and also those for W and R 
from fig. 121, page 52, and the list given in Art. 72. 
The teeth are to be described as shown in Art. 69 ; the 
centres h and k are taken from the tables of 1 J" pitch, 
Plate XrV. The numbers for the faces are for A, 8, and 
for B, 10 ; which are the numbers for wheels nearest to 
the required ones. Those for the flanks are taken between 
37 and 31 for A, and between 18 and 15 for B, which 
are the numbers for wheels of 18 and 20 teeth, and 40 
and 60 teeth respectively.* 

The pinion is solid, with facings on each side 4" 
diameter, and 3^" thick ; the hole is 2" diameter, and 3 J" 
through; the key is -3^" square. The wheel has six arms 
of a cross-section shown at X, fig. 131, as made by the 
plane SjPi ; they are connected to the rim R and the boss 
K by feathers F, F; on both sides of each arm are 
feathers H, which also join the rim and the boss, the whole 
being cast together. The bosa is 5" diameter, and if 
♦ See foot-note to Art. 68, page 54. 
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tlirougli; the hole is 2 J" diameter, and the key is ^'' 
square. 

72. The proportions of the several parts are as fol- 
low : — 

The pitch . . . (=1-25'') =p. 

Top of the tooth T , . . . =px '33. 

Bottom of the tooth B . . . =p x '42. 

Total depth of tooth T + B . . =px '15. 

Thickness of tooth on pitch line W . =p x '45. 

Space between teeth on pitch line S . =p x '55. 

Thickness of rim R . . . . =jp x '45. 

Thickness of arms G . . . . =p x *45. 

Width of feathers F, F . . . =;? >c '45. 

Thickness of feathers H, F . . . =p x '45. 

Thickness of boss round shaft K . . =p x 1. 

Usual width of teeth L . . . =p x 2*5. 



CHAPTER X 



73. The change of rotary or circular motion into recip- 
rocating rectilinear motion by means of the Crank, the 
Eccentnc, and Cams. 

The Crank. — In this chapter we shall consider the 
change of motion as stated above, taking for the first 
example the crank and connecting-rod, which is the most 
common arrangement used. The crank consists of an 
arm AC, fig. 133, Plate XVIII., which turns about a 
fixed centre C ; the end A therefore describes a circle at 
each revolution of the arm. Attached to A is one end A 
of a connecting-rod Aa, while its other end a moves in 
the straight line haCD, In this example we shall con- 
sider the crank to be the driver, because then the change 
is from circular to rectilinear motion; and we shall 
suppose it to be turning in the direction indicated by the 
arrow. For every revolution of the crank-arm AC, the 
end a of the connecting-rod moves through the space bd 
+ db ; or, in other words, if the crank starts from the 
initial position CD and moves in the direction DAB; and 
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a starts from d moving in the direction c?6, at the same 
instant that A arrives at B, a will arrive at h ; for the 
other half revolution BSD of AC, a -will move from h to d» 
The distance hd ( = BD) is termed the stroke of the 
crank, and is equal to 2AC. A being the centre of the 
crank^Uy the circle DAB is called the path of the crank- 
pin; the length of the path of the crank-pin is nearly 
3*1416 times the length of the stroke. 

74. Owing to the obliquity of the crank AC, which 
varies for every new position on each side of BD, except 
the positions BC, DC, the end a of the connecting-rod aA 
does not pass through equal spaces for equal arcs described 
by the crank. A common problem is to find the position of 
a for any given position of A, and vice versd. By taking 
a number of positions for A we can find corresponding 
positions for a, and thus show the varying motion of a 
resulting from the regular motion of A. Divide the cir- 
cumference of the semicircle BSD, fig. 1S3, into any 
convenient number of equal parts, say six ; and from 1, 
2, S, (fee, as centres with a radius equal to the length of 
the connecting-rod Aa, describe arcs of circles cutting hd 
in 1, 2, S, &c. ; then the distances between b — 1, 1 — 2, 
2 — 3, 3—4, 4 — 5, 5 — d, represent the spaces moved 
through by the end a of the connecting-rod for the equal 
arcs B— 1, 1—2, 2—3, 3—4, 4—5, 5— D, described by 
the crank. The motion of a when it is in the position b 
is ; in passing from 6 to 3 it increases from to its 
maximum ; and from 3 to c? it decreases to ; the point 
c marks the middle position of the path of the sliding 
end a. This variable motion of a, especially its decreas- 
ing at each end of the path, is of great advantage in 
some kinds of machinery. 

75. In the steam-engine the reverse of the motion just 
described takes place ; the sliding piece a, connected to 
the piston-rod of the engine, becomes the driver; tho 
change is therefore from rectilinear to rotary motion. 

76. In figs. 134, 135, Plate XVIII., is shown in plan 
and elevation one form of wrought-iron crank and crank* 
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shaft, the whole being welded together. AC is the crank- 
arm, A the centre of the crank-pin B, C the centre of the 
crank-shaft, and D, D, are its bearings. The following 
are the dimensions : — ^AC (J the stroke) is 7"; the diameter 
of the crank-shaft is 4", the bearings are 6" long and 3J" 
diameter; the crank-arms are 4" wide at e, and 2J" thick 
at/; the distance g between the arms is 4 J". 

77. The drawing of these figures requires no special 
notice except for the curves ab, fig. 134, which we will 
now explain. Figs. 136, 137, represent a portion of 
the former figures, containing the curve ab drawn full 
size, and the mode of obtaining the plan of the curves. 
If the crank-arms, which are of a rectangular cross-section, 
were connected to the shaft, leaving angles at E, as AEB, 
fig. 137, the curved line ab would be a straight one eb; 
but for the purpose of strengthening such connections, 
angles are always avoided when circumstances permit; 
the angles AEB are fiUedrup leaving the outline, as seen 
at A, 1, 2, &c., to B, a quadrant of a circle, which is a 
projection of A'B', fig. 136. This circular filling-up is 
continued on each side of A'B', as shown at AV, B'^. 
If we take sections as My a'p', which do not pass through 
the centre of the shaft C, the plans of mn, a'V will not be 
circular as AB. The general problem will be to find the 
form of the curve made by such cutting planes. In the 
present case the cutting plane is represented by the sur- 
face ab'p, the cut portion of the circular filling-up being 
ab\ of which we are required to show the plan. Divide 
AB into any number of parts, 1, 2, 3, <fec., not necessarily 
equal parts; and through these points draw lines parallel 
to AA' cutting A'B' in 1, 2, 3, &c.; from C as a centre 
with radii CI, C2, C3, &c., describe arcs of circles cut- 
ting ab' in r, 2', 3', &c. From these points draw lines 
parallel to AA' cutting lines drawn parallel to Aa from 
1, 2, 3, &c., ^g, 137; and number the intersections of 
these lines I, II, III, &c. Through I, II, III, &c., draw 
the line ab, which is the required projection of a'b\ 

78. We have employed the construction just described 
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to find the form of the line joining ah; to. do this we 
have divided the portion of the solid between Aa, B6, by 
a number of vertical planes, which are represented by 
^1, r2, s3, &c., in fig. 137, and by 11', 22', 33', &c., in 
fig. 136; the projections of the intersections of these planes 
with a'6' are the points 1', 2', 3', &c., in fig.* 137, and 
I, II, III, &c., in fig. 136, which when joined are the 
required line. The number of sections to be taken 
depends upon the degree of accuracy with which the 
curve is to be delineated. In scale drawings it is not 
usual to make constructions for such curves as the one 
described; the draughtsman, by frequent application, 
knows the form, and makes use of an approximation, 
which is a good one or otherwise according to his ability 
to describe the curve accurately. 

79. A common form of cast-iron crank is shown in figs. 
138, 139, drawn to a scale of •^, the drawing of which 
should present no difficulty after working out the previous 
examples; however, as the curves I'm', m'o', are the pro- 
jections of the intersections of two curved surfaces, and 
therefore somewhat different to the preceding example, we 
have worked them out in figs. 1 40, 141, Plate XIX. , for the 
small end of the crank; those for the large end are obtained 
in a similar manner. The angle formed by the connection 
between the web g and the boss e is filled-up by a quad- 
rant-shaped surface mn, m'n', the circular surface ml cuts 
this surface; the curve m'V is therefore the projection of 
the intersection of the two curved surfaces ml, mn; and 
similarly the curve m'o' is the projection of the intersec- 
tion of m>Of mn, which connects the web g and i^Q feather f 
with the boss. The web and the feather are also connected 
by a curved surface similar to mn, m'n'. The construc- 
tion lines show how the curves I'm, m'o, are obtained; 
the method used is the same as that employed for the 
preceding figures, Im in fig. 140 corresponding to ah' in 
fig. 136; the only difference is that ^ is a curved surface, 
whereas a'b' is a plane surface. 

80. The dimensions of the crank are as follow (see 
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figs. 138, 139) :— « = 2'.. 6", b = ir,c = 5", d = 7^", e = 3 J", 
/= 4", g = 6", h = 12", k = 9J", jt>g = r..l", rs = V.Ai"; 
where a stands for half the stroke, b the diameter of the 
crank-shaffc, c the thickness of metal round the shaft, d the 
diameter of the crank-pin in the crank, e the thickness of 
metal round the pin, / the thickness of the feather, g the 
thickness of the web, pq and rs the width of the web at 
pq and rs respectively, h the depth at the shaft end, and 
k the depth at the pin end. 

81. The Eccentric is employed to change rotary into 
reciprocating rectilinear motion, chiefly where the extent 
of the motion is small compared with that obtained from 
the crank; one special feature in the eccentric arrange- 
ment is, that it can be applied to shafts without neces- 
sarily being fixed at one end, or causing a break in the 
length of the shaft, as at v, w, fig. 134. In figs. 143 to 
145, Plate XX., is shown an eccentric which consists of a 
circular plate A, termed the sheave, usually keyed to the 
shaft S. The centre of the sheave and that of the shaft 
are a certain distance BC apart, this is termed the eccen- 
tricity ; twice the eccentricity BC ( = BD) is termed the 
throw, and corresponds to the stroke of the crank. As 
the sheave is fixed to the shaft it turns with it; the 
motion is taken from the sheave by means of the strap 
E, which consists of a ring in halves fitting into a groove 
cut in the sheave, and connected by bolts F, F. The strap 
does not turn round with the sheave, but oscillates, having 
P for a centre; and at the same time it receives a motion 
in directions BD, DB ; therefore the strap must not fit 
the sheave too tightly. At G are inserted pieces of metal 
or hard wood, by adjusting the thickness of which, com- 
pensation can be made for the wear between the surfaces 
of the sheave and the strap. Attached to the strap by means 
of bolts, or by a cotter, as in the figures, is a rod HK 
which transmits the motion to the piece to be operated 
upon, as the slide-valve of a steam-engine, as in the 
the example, where L is one end of the valve-rod. 

83. The dimensions of the several parts of the figiu-es 
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shown in Plates XX. and XXI. are as follow : — The 
throw BD is 2 J", the diameter of the shaft S is 3J", the 
key T is I" X ^", and it is let into the shaft J". The 
sheave A is 7f" diameter outside, 7J" diameter at the 
bottom of the groove, and 2" wide ; the width of the 
groove is 1 J"; the thickness of metal round the shaft is 
^", at ^ it is 1" thick to allow for the key-way; the rim 
e\ay tiiick, and the arm / is ¥ wide. The strap E is TV' 
diaJLter in^do, aoid 8^^' diaieter outeide; themdtli I3 
IJ" bare;* each half is provided with Iv^gs f" thick, 
through which pass bolts F f diameter; ^e distance, 
centre to centre, of the bolts is 9^"; at V on one half of 
the strap is a boss 1 J" diameter to receive one end of the 
rod HK; U, U, are feathers ^ wide, whose object is to 
strengthen the connection between the boss and the strap; 
W is a collar on the boss V 1|" diameter and f" wide; 
the distance from the outside of the collar to the centre B 
of the strap is 6". The cotter Q is 3" long, 3^" thick, and 
J" wide in the middle; the amount of taper in its length 
is J" per foot; M is an oil-cup forming part of the strap, 
a section of which is given in fig. 146; R is a hole through 
which the oil passes; the cup is 1^" diameter outside, and 
1 J" diameter inside; the tube is J" diameter, the hole J" 
diameter; the distance from the top of the cup to the 
centre line is 4J"; the cup is provided with a cover O, 
which is screwed into the cup; the diameter of the 
screwed part is 1", but the thread is finer than that given 
for 1" diameter in Table II., page 38. The edge of the 
cup-cover is generally milled, to allow of a better hold 
being tafeen when imscrewing it. The other dimensions 
may be taken from the figures. The eccentric-rod HK, 
is 2'.. by from the centre P Jbo the outside of the collar; 
the portion in the boss V is If" long and y diameter; 
the rod is f " diameter at each end, and increases to \\" in 

* To allow the surfaces of the strap and the sheave to slide past 
each other, one of them must be made a little less than the other, 
the term hare is used to denote this difference, which cannot bf 
shown in the drawing. 
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the middle; the end K of the rod is forked ^ and through 
it passes a pin X, connecting the valve -rod L to it; 
between the fork and the cylindrical portion K the cross- 
sections are rectangular and square; a portion of the 
latter has its edges chamfered, leaving the section an 
octagon, as shown in fig. 155. The dimensions of the 
forked end are marked on the drawings, figs. 153, 154. 
The pin X is prevented from leaving its position by 
moans of a pin Y which passes throiigh the former; 
between the pin and the fork is a washer 1" diameter and 
Y thick; the pin Y may be either a piece of round wirey 
or of the form shown in fig. 156, which is termed a splitr 
pin ; the cross-section of the wire out of which it is made 
is a segment of a circle, nearly a semicircle; by opening 
out the halves of the pin at a, it is prevented from leaving 
the hole in which it is placed. The sheave is cast-iron, 
the strap is brass, and the rod, pin, washer, and cotter, 
are wrought-iron. 

83. Fig. 142, Plate XX., represents in outline the 
eccentric an'angement; the centre line ay is the path of 
the valve-rod, which passes through the centre C of the 
shaft; BEDF is the path of the centre of the eccentric; 
BD is the throw ; the positions 6, d, of the rod end cor- 
respond to the positions B, D, of the eccentric; hd = BD. 
The sheave is shown in four positions, I, II, III, IV, 
whose centres are B, E, D, F, respectively ; the variable 
motion obtained from this arrangement is similar to that 
obtained from the crank as shown in fig. 133, Plate 
XVIII. 

84. The general problem is, given the throw of the 
eccentric and the diameter of the shaft upon which it is' 
to be fixed, to make a drawing of the arrangement. In 
Plate XX., figs. 143 to 145, we have worked out the 
example, of which the dimensions are given in Art. 
82, page 62. Fig. 143 is a front-elevation, £g. 144 is a 
plan, and fig. 145 is an end-elevation ; they are drawn to 
a scale of J. Fig. 146 shows a portion of the sheave and 
the strap with the oil-cup in section ; fig. 147 is apian of 
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the same; so9le for both ^. Figs. 148 to 156, Plate 
XXI., are portions of the figures shown in Plate XX. 
drawn to a scale of ^. 

85. The drawing of the figures in Plates XX. and 
XXI. is as follows : — Draw the centre lines ay, ay\ bz, 
ex; let C be the centre of the shaft ; from C as a centre 
with a radius CB (one-half the throw), describe a circle 
BDN, which is the path of the centre of the sheave ; 
through B draw the line dw, this will be the centre line 
of the sheave and the strap. From C and B as centres 
describe the circles for the shaft, &c. ; and from the di- 
mensions given, and from the construction lines shown, 
proceed to draw the figures. The only special points to 
be noticed are the intersections of the oil-cup with the 
strap, of the feathers XJ with the boss V and with the 
stiup, and of the boss with the strap. These points we 
wiU now refer to. 

The intersection of the oil-cup with the strap would 
be a case of the intersection of two cylinders whose axes 
are at right angles, but not in the same plane, as shown 
in figs. 143, 146, and 148 ; but the angle formed by the 
two cylindrical surfaces, as seen in those figures, is filled- 
up with a curved surface, and therefore there is no line 
of intersection to be seen in fig. 150. If the fiUing-up 
were omitted, the dotted line 0'r2'3', fig. 150, would 
represent a portion of the intersection of the two cylin- 
ders. On the right of fig. 150 is shown, by a dotted line 
to 6, one-half of the junction of the curved surface, at 
the bottom of the oil-cup, with the strap ; but there is 
no line produced, as it is not an intersection, because the 
two surfaces blend into one. However, we require the 
line to find the intersection of the curved surface with 
the face of iihe strap, as shown at 2/i'4, ^g. 148 ; the outer 
circle of the strap does not pass over the surface of the 
cup between 2 and 4, fig. 148, but terminates at these 
points, and then takes tibe curved fonn as shown. The 
boss V is joined to the strap by a surface similar to the 

one just described ; the feathers XJ, XJ, are also connected 
2 E E 
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to the boss and the strap by curved surfaces, and therefore, 
for the same reason as before, there is no line to be seen ; 
the dotted line on the boss in fig. 148 represents the 
junction of the two surfaces. 

86. We have shown in Plate XXII., figs. 157 to 160, 
the oil-cup and a portion of the strap drawn full size; the 
curved surface which connects the two is not of uniform 
cross-section between — 6, — 6', figs. 157, 158, but 
changes from the form shown at 6' VI' to that at 00'. In 
fig. 158 the boundary lines of the curved connecting 
surface are 06'VI'O'O ; the plans of 06', O'VI', are the 
circles 06, OVI, respectively. Mg. 160 is a projection 
of the curved surface O'VI'O', where it meets the cup, and 
of 06'0, where it meets the strap ; the latter is cut by the 
faces of the strap Z'm', w'o', in the poiuts 6', c'; an eleva- 
tion of this intersection is shown at 5'A'c', ^g, 158; the 
curve is not quite correct, but it is a good approximation; 
to draw the curve correctly would require a better know- 
ledge of curved surfaces than we can assume the student 
at present possesses. If the cross-section of the curved sur- 
face was imiform, b'h'c would be obtained by a construc- 
tion similar to that used to obtain ab, fig. 137, Plate 
XVIII. 

87. The drawing of the eccentric -rod requires no 
special instructions, the forked end is shown in figs. 153 
to 155. Fig. 153 is a plan, £g, 152 is an elevation, and 
^g, 155 is a cross-section, made by the plane SP, of the 
chamfered portion pq between the fork and the cylindri- 
cal part K. Fig. 156 is a section of the piti X showing 
the split-pin Y. 

88. Cams. — ^The motion resulting from the two ar- 
rangements just considered is of a certain fixed kind ; 
that is to say, all cranks and ordinary eccentrics produce 
the same kind of irregular rectilinear motion, which 
motion cannot be altered, except in the case of shifting 
eccentrics. By the use of cams we can obtain any kind 
of rectilinear motion we choose, either regular or irregular. 
They are generally made in the form of discs, or grooves ; 
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figs. 161 to 166, Plate XXTTL, represent three common 
forms of cams. Fig. 161 shows one revolution of a spiral, 
which is used as a base for the cams shown in the remain- 
ing figures. Its construction is as follows : — Describe 
concentric circles of radii CO, CI 2 (3" and 6", respectively); 
divide the distance — 12 into any convenient number of 
equal parts divisible by 4, say 12; and divide the cir- 
cumference of the outer circle into the same number of 
equal parts ; from these points draw radii ; make one of 
them equal to CI 2, and each of the others in succession 
less than the preceding by ^ of — 12, the last one, CO, 
being in the same radius as CI 2. 

T]b"ough the extremities I, II, III, &c., of these 
radii draw the curve; this is the required spiral. If 
now the spiral is centred upon C and made to rotate, 
having its curved surface in contact with a sliding piece 
at 0, which is free to move in a direction CI 2, then for 
equal arcs described by the spiral, the sliding piece will 
move through equal spaces; for example, if the 
spiral turns through an angle 2C12 (^ of a revolu- 
tion) the sliding piece will move from to 2 ( ^^ of 
— 12), and so on for each fraction of a revolution. The 
motion of the sliding piece is therefore uniform. 

89. The form of cam described above can only be 
used for motion in one direction ; but by using the one 
shown in fig. 162 wo can obtain an alternate motion, 
which is also uniform. The cam in this example consists 
of two equal and similar halves, the distance between the 
two circles being divided into 6 equal parts instead of 1 2, 
while the circumference is divided into the same number 
as in fig. 161 ; this is usually called the heart-shaped 
cam. Fig. 163 is a cam for producing a regular motion, 
but the time occupied for the forward and backward 
motion is not the same, one being performed in ^ and 
the other in ^^ of a revolution. Figs. 161 to 163 are 
dra^vn to a scale of -j^, figs. 164 to 166 to a scale of ^. 

90. The cams in figs. 161 to 163 are supposed to act 
upon mat/iematical points, which in practice is impossible^ 
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we liave therefore to assign some size to the point acted 
upon by the cam ; to illustrate this we will take a prac- 
tical example and work it out. Let it be required to give 
to a roller A, 2" diameter, attached to a slidmg piece, and 
capable of moving in the direction SP, a regular alternate 
rectilinear motion of 6", the distance from the centre of 
the cam to the centre of the roller, when at its greatest 
, distance from C, to be 12". Draw the centre lines ay, 
SP ; from C as a centre with a radius of 1 2", describe a 
circle cutting SP in A'; from A' along SP towards C set 
off A' A = 6", the extent of the motion; and from C as a 
centre with a radius CA' describe a circle ; divide its 
circumference into 16 equal parts, and the distance AA' 
into 8 equal parts. Through the points I, II, III, &c., 
draw the cam shown in dotted lines, as for fig. 162; if 
the roller were a point, or the knife edge of a sliding bar, 
this would be the required cam; but the roller has a 
diameter of 2", therefore, from the points A', I, II, III, 
&c., as centres with a radius of 1", describe arcs of circles 
inside the dotted cam ; a curve touching these arcs will 
be the outer edge of the required cam. 

91. The following are the dimensions of its several 
parts : — ^Thickness of rim c T'; width of rim h 3"; diameter 
of shaft a 3"; key g y x ^", 6" long ; diameter of boss h 
5 J", and 4 J" through; the arms /are J" thick, and 2" wide 
at the naiTOwest part, increasing to 2 J" for the longest 
arm ; the others are in the same proportion ; inside the 
rim and outside the boss is a feather d f " wide and f " 
thick ; on each arm there are two feathers e f " thick 
and J" deep, increasing to y in the longest arin. The 
inside of the rim c and the feather d are curves parallel 
to the outside of the rim. 

Fig. 164 is a front-elevation, ^^. 165 is an end-eleva- 
tion, and fig. 166 is a sectional end-elevation, made by 
the plane SP, fig. 164. 

92. During one half revolution of the cam, as the 
radii increase from CD to CL, the roller is moved out- 
wards from A to A'; but in the return half revolution the 
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radii decrease from CL to CD, it is therefore necessary to 
apply some means of keeping the roller in contact with 
the cam, which may be accomplished by means of a spring 
or a weight, or by using aaother roller B, and connecting 
the two with a link, so that to produce the return of the 
roller A the cam acts upon the roller B, and thus brings 
back A, together with ^e slide attached to it. 



CHAPTER XL 

93. Inkinp-in a Drawing. — It is usual to put draw- 
ings of machinery in ink, whether working or finished 
drawings, since by constant use the blacklead lines would 
remain only for a very short time. Indian ink is the 
kind of ink used ; it may be obtained either in the solid 
or liquid state : the former will be the best for the general 
student to obtain it in. Sticks of a good quality can be 
had for one shilling and upwards ; cheaper qualities 
are not to be recommended. Having prepared the ink 
for use by rubbing it in a clean slab with a little water, 
and having satisfied yourself that it is of the required 
shade, by trying it with your drawing-pen oh the margin 
of the, drawing, commence to ink-in. But, before doing 
so, the following general hints will be of service to the 
student : — Clean off with india-rabber all surplus black- 
lead, leaving the lines just visible, as the lead is liable 
to get between the nibs of the pen, and so cause the 
lines to be irregular. When you have supplied the pen 
with ink, before using it try it on the margin of your 
drawing, so as to get the line of the required thickness. 
Never put away your pens with ink in, but clean them 
with a piece of wash-leather or linen rag ; it will also be 
necessary to clean between the nibs occasionally while 
using the pens. 

94. The following order should be observed in inking-in : 
—First ink-in all circles, portions of circles, and c\3XTr<5ji^ 
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lines, to which straight lines are to be joined, keeping 
both the nibs and the needle point of the bow-pen as 
nearly perpendicular to the drawing board as possible ; 
if the nibs are inclined too much to the surface of the 
paper the circular lines will be irregular in thickness, and 
if the needle point is inclined too much the hole will be 
enlarged, which is objectionable. The pen for drawing 
straight lines, or curved lines by means of moulds or 
curves, should be held nearly perpendicular, being inclined 
a little towards the right and outwards, so that the point 
of the pen may be seen. The lines are to be drawn from 
left to right, as in penciUng. Particular care should be 
taken in joining a curve and a straight line ; the best way 
is to commence the straight line from the curved one, and 
not try to join the former to the latter. If the lines of 
the drawing, both full and dotted, are correctly shown in 
pencil, it is immaterial whether the full lines are put in 
first and then the dotted ones, or otherwise ; but if this 
is not the case, then begin by inking-in the lines which 
are fwrtheat froni the plane upon which the view of the 
object is projected^ as such lines will be in full ; the out- 
line* of the object will also be in full, the remaining lines 
must be determined by the ordinary principles of pro- 
jection. 

95. The beginner should be extremely careful in ink- 
ing-in his drawings, so as to avoid having to use the 
knife, or any other means, for scraping out or erasing a 
wrong line ; it will therefore be advisable for bim to 
pencil-in all lines as they are to be inked-in. 

After considerable practice he may deviate a little 
from this order; but, as a rule, the less it is deviated from 
the better, as the dotted lines shoidd be distinguished 
from full lines ; not necessarily by dots of equal length, 
but just sufficient to show the difference. 

96. Shade or Dark Lines. — In the examples given up 
to Plate XXIII., except in Plate II., we have considered 

* By the term outline we meaii the boundary lines of the object, 
outside of which there are no lines. 
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the drawings to be plain outline drawings, liaving all the 
lines, which form the boundaries of the surfaces repre- 
sented in each figure, of the same thickness; we will now 
explain the use of sJiade or dark lines. 

The figures in Plates XII. to XXIII. may be taken 
as types of those termed worJdng drawings, that is, draw- 
ings from which the object is to be constructed; in such 
drawings all the lines are to be of the same thickness. 
l^or finished drawings, which are usually made to a small 
scale (^ and under) and used for the purpose of reference, 
&c., slwde lines are often employed, whose chief use is 
to convey to the mind a better idea of the form of the 
several parts of the object, and to give what is considered 
by many to be, a better finish to the drawing ; however, 
thoir use is a matter of taste: In Plate II. shade lines 
are employed. Figs. 190 to 192, Plate XXVI., repre- 
sent, as a finished shade-lined drawing, the pedestal shown 
in Plate XXIV. 

97. For the purpose of shade-lining drawings, the 
Ught is assumed as coming from the left-hand and from 
behind the observer towards the object, and at such an 
angle that the projections of each ray* are inclined to 
the horizontal and vertical planes at an angle of 45°.. 

Figs. 167a, 1676, Plate XilllA., are the plan and eleva- 
tion of an object made up of plane surfaces, having a square 
hole through it. The lines ab represent the direction of the 
rays of light; those lines upon which the light falls directly 
are fine lines, the remainder are made thicker, and are 
termed shade or dark lines. We may say generally, for 
elevations, the shade lines are put on the right-hand and 
bottom edges of projecting surfaces ; where two surfaces 
are in contact, if the upper one does not project beyond 
the lower one the shade line is not used, as shown in the 
bottom line of fig. 1676/ the object is supposed to be 
resting on a horizontal plane. In the cas6 of sections 
and hollows, the shade lines are on the left, as shown in 
* The rays are considered to be parallel. 
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fig. 1686. Figs. 167a and 168a show how shade lines 
are employed for plans; ^g. 168a is a sectional plan. 

98. For cylindrical objects there is a little difference 
in the use of shade lines. Figs. 169a, 1696, represent in 
front and end-elevation a portion of a shaft; ^g, 169a is 
shaded; along the line ab the light is most intense, 
gradually decreasing towards gh and cd; along cd the 
shade is greatest, and gradually decreases towards a6, e/; 
if now we put a shade line for ef, the effect which the 
shading produces is destroyed; for this reason shade 
lines are not employed for cylindrical objects,* except for 
the ends and projecting parte, Bs/h, fig. 169a, and ab, cd, 
and ef, fig. 1716. 

The circular ends are represented as shown in figs. 
1696, 170a, and 171a, the circular line increasing in thick- 
ness from the points a, k, to c, ^g. 1696, where it is 
thickest. In hollow cylindrical objects the inside and 
outside are shade-lined, as shown in ^g. 170a, and sections 
of the same have shade lines, as shown in fig. 1706. 

Fig. 170a is an end-elevation, and fig. 1706 a front 
sectional elevation. It is important to notice the differ- 
ence in the use of shade lines for plans and elevations ; if 
we consider fig. 170a to be a plan, and fig. 1706 an eleva- 
tion, then the shade lines as shown would not be correct. 

Figs. 1716, 171a, represent in front and end-elevation 
a shaft having a neck and collars, upon which are shown 
the usual shade lines. The angles formed by the collars 
and the shaft are fiUed-up, as shown, with a curved sur- 
face, and the outside edges of the collars are rounded ; 
these curved surfaces are not shade-lined, for a similar 
reason as that given for ftg. 169a. 

99. Conical objects are treated in a manner similar to 
that of cylindrical objects, as shown in figs. 172a, 1726, 
which are respectively plan and elevation of a portion of 
a right cone. The elevation, ^g. 1726, is assumed to be 

* However, if we consider the use of shade lines to be a matter 
of taste, and therefore liable to difference of opinion, we may 
state that in many cases they are used for cylindrical objects. 
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raised above the surface AB, that is to say, its lower 
surface cd is not in contact with another surfa<je, there- 
fore the line od will be a shade line. If the lower surface 
of the cone rested upon a surface larger than its own, the 
line cd would not be a shade line. The plan, fig. 172a, 
has a shade line, as in the case of the circular ends of 
cylinders, for its bottom surface cdy b.ut not for its top 
surface ef; if the bottom surface were in contact with a 
surface larger than its own, the circular shade line would 
not be used. 

Figs. 173a, 1736, represent in plan and sectional eleva- 
tion a portion of a hollow cone, upon which are shown 
the shade lines for the position of the object indicated 
by the figures. If the bottom surface were in contact 
with a surface larger than its own, the line cd, ^g, 1736, 
and the outer circle in fig. 173a, would not be shade- 
lined. The two right-hand edges of the section, fig. 1736, 
are shade lines, as would be the case if the object were a 
hollow cylinder. 

Figs. 174a, 1746, represent in plan and elevation a 
portion of a bolt with a hexagonal head, the paiii next 
to the head being cylindrical. The object is resting upon 
a plane, as shown in ^g. 1746 ; the bottom and two right- 
hand edges of the head are shade lines. The circle in 
fig. 174a is shade-lined, as in the previous examples, and 
three sides of the hexagon are shade lines. 

Figs. 175a, 1756, represent the same object in front 
and end-elevation; fig. 175a shows two faces of the head, 
and ^g, 1756 shows the under side of the head and the 
end of the cylindrical part of the bolt. The object in 
these figures is assumed not to be resting upon a surface; 
if, however, it did, then the bottom line in each figure 
would be a fine line, unless the surface upon which it 
rested was smaller than the surface of the object. 

If the view, plan, or elevation, of an object is inclined 
at the same angle and in the same direction as the pro- 
jections of the rays of light, as in ^g. 176, the lines of 
the view which are parallel to these projections are fine 
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lines. Fig. 176 represents the elevation of the bolt 
shown in fig. 1746, the centre line ab of which is inclined 
at 45°, and slopes from left to right, having the same 
inclination and direction as the rays of light; the lines 
cd, ef, &c., which are parallel to ab, are fine lines. The lines 
df and gh, which are at right angles to ab, are shade lines. 
If we consider fig. 176 to be a plan, the lines df and gh 
would be fine lines; and ek, Ih, shade lines. In the examples 
of shade lines which have been given, we have considered 
each of the straight lines in the views of an object to be 
of the same thickness; and also the thickest part of each 
circle to be of the same thickness. Sometimes there is a 
difference in the thickness of the shade lines of a drawing, 
which is governed by the distance and inclination of each 
line from the assumed source of light. 

By a proper use of shade lines one view of the draw- 
ing of an object will convey a much better idea of the 
form of the object represented, than if they were not used; 
cylindrical forms can be distinguished from other forms 
by the omission of the shade line in the former ; and pro- 
jecting surfaces can be distinguished from other surfax=es, 
and also from recesses, by the position of the shade line. 
Where dotted lines are used in shade-lined drawings, they 
should be all of the same thickness. 
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CHAPTER Xn. 

100. Working and Finished Drawings.'— We will 
now give examples of the two chief kinds of drawings 
used, taking a Pedestal or Plurrnner-Bloch as the object 
for representation. In Plate XXIV. is shown an ordi- 
nary workmg drawing of the whole pedestal (figs. 180 to 
183 are added for another purpose, as will be explained 
shortly) j the dimensions are not given, as the parts are 
shown in detail in Plate XXV. The cast-iron and brass 
portions are shown in Plate XXV. in detail with all the 
dimensions added and also the radii of the arcs of circles : 
this may be taken as a type of drawings such as should 
be supplied to the Pattern or Model Maker, along with 
Plate XXIV., which shows the arrangement of the whole 
as put together. The wrought-iron work is also drawn 
in detail for the Smith. In Plate XXVI. is shown the 
pedestal as 2i, finished shade-lined drawing. 

101. Pedestal or Plummer-Block.— In Plates XXIV. 
to XXVI. are shown in elevations and plans, a pedestal 
as defined in Art. 29, page 29. Fig. 177, Plate XXIV., 
is a front-elevation, the right-hand half being in section, 
as made by a vertical plane S^Pi, fig. 178. Fig. 178 
is a plan, a portion of which is in section, as made by a 
horizontal plane SuPu, fig. 177 j and fig. 179 is an end- 
elevation. 

A is the body of the pedestal which supports the steps 
B; attached to A is the sole-plate or base-plate C, by which 
the pedestal is connected by bolts E to the frame of the 
machine, either directly, or by means of an intermediate 
bracket ; D is the cover or cap connected to the body by 
the bolts F, the object of which is to keep the top step in 
contact with the shaft; on the top of the cap is an oifcup 
G; the. oil passes down the hole M through the step on to 
the shaft; to distribute the oil over the neck of the shaft, 
oiJrways N (see also figs. 188, 189, Plato XXV.) are cut 
in the steps. For millwright purposes there is generally 
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a packing of wood inserted between the base-plate and 
the frame^ to which it is connected, as shown in Plate 
XXVI. ; iDut for many purposes this lining of wood is 
not employed, as the object is to get a rigid connection 
between the pedestal and the frame, corresponding as 
nearly as possible to the case where the pedestal and 
frame are cast together. Where the wood packing is 
not used, the whole of the bottom surface is ph/ned^ or 
more commonly chipping-piecea H are cast to the base- 
plate, so as to reduce the amount of surface to be planed 
or chipped; the chipping-pieces are shown in dotted lines, 
their width and depth vary according to circumstances, 
from \" to 1" wide and J" to ^^ thick. 

To allow of a slight change of position of the pedestal, 
and for convenience in fixing, the holes K through which 
the bolts E pass are elongated, as shown in fig. 178; after 
the exact position has been determined, pieces of hard 
wood or metal are inserted at the ends, between the base- 
plate and the lugs on the frame, to prevent the possibility 
of the pedestal moving lengthwise. The body and base- 
plate are made of cast-iron and are cast together, the cap 
is also cast-iron; the steps are usually made of brass, but 
the top step is often made of cast-iron; the bolts are made 
of wrought-iron, those for the cap are Y diameter, and 
those marked E are f ' diameter. The dimensions for 
the body, cap, and steps, are marked on the figures in 
Plate XXV. ; the radii of the circular arcs are also 
shown, which should be the case in all working drawings. 
On each side of the cap and body of the pedestal are 
facings O, whose surfaces are in contact with iheflcmgea 
P of the steps. The body of the steps is cylindrical, but 
thicker at the bottom and the top than at the sides, as 
shown in figs. 187 to 189; chipping-pieces Q are cast at 
each end next to the flanges. The space between the steps 
is to allow of their being brought together as their inner 
surfaces -wear; the space between the cap and the body of 
the pedestal is for the purpose of regulating the position 
of the top step. 
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102. The figures on Plates XXIY. and XXV. the 
student will be able to draw without any special 
instructions, excepting perhaps the curve ah'a!^ ^^, 179, 
which is the intersection of the cylindrical part aha, fig. 
178, of the body of the pedestal with the interior of the 
cylindrical surface cd, c'd', Mgs. 180 to 183 show half 
the curve drawn full size; the method employed is similar 
to that used in former fibres, and the construction lines 
show clearly how the curve is determined. If the angles 
at a, fig. 178, are filled-up, as is shown in dotted lines on 
the left-hand half of the figure and in ^g, 191, there 
would be no line of intersection, and we should have the 
end-elevation as represented in fig. 192. " 

103. In Plate XXV., ^g. 184 is a front-elevation of 
the pedestal with the steps and bolts removed; fig. 185 is 
a plan of the same with the cap removed; and fig. 186 is 
a plan of the cap. In figs. 184, 185, we have shown the 
chipping-piecos H on the base-plate. The steps are shown 
in figs. 187 to 189; the left-hand half of fig. 187 is in 
section; fig. 188 is a plan of the top step, showing the 
oil-hole, the oU-ways N, and the chipping-pieces Q; fig. 
189 is a plan of the bottom step, showing the inside in 
full lines. The cylindrical surfaces of the steps are not con- 
centric, on account of thediflference in the thickness of metal 
at the bottom and at the sides; for small steps this differ- 
ence is not always taken into account, the thickness at 
the sides being made the same as at the bottom. Figs. 
177 to 179, and 184 to 189, are drawn to a scale of J; 
figs. 180 to 183 are drawn full size. 

104. The usual proportions for the several parts are 
as follow* : — 

The diameter of the neck = D 

Thickness of base-plate =Dx 'Z, 

Thickness of cap =Dx '4. 

Diameter of bolts (if 2 used) = Dx '25. 

Ditto (if4iised) =Dx-18. 

* Taken from Molesworth, 
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Steps. 



Thickness of metal at bottom = 0*15" + from 0-09 to 0*12 x D. 
Thickness of metal at sides = *75 of thickness at bottom. 

105. In Art. 96 we stated the purpose for which 
finished drawhiga axe usually made; there are several 
kinds of such drawings, but we shall confine ourselves to 
simple line drawings. The object for which the drawings 
are required must decide what kind of drawing is to be 
made; if there is a good scale working drawing of the 
whole machine, then the finished drawing may be simply 
an outline drawing without dotted lines, the lines may be 
all of the same thickness, or shade lines may be added 
according to taste. If however the drawing is required 
for general reference, then the dotted lines should be 
shown ; the teeth of wheels should also be shown, and the 
centre lines omitted in all such drawings. 

As an example of the former kind of finished draw- 
ings we have shown the pedestal, figs. 190 to 192, Plate 
XXYI. In this example shade lines are used as explained 
in Arts. 96 to 99. As there are no lines introduced but 
what have been explained, the student should have no 
difficulty in drawing the figures. 

106. We have given in Plates XXIV. and XXV. 
examples of working drawings, as explained in Art. 100, 
page 75; we shall now give further examples of such 
drawings, including those for the smith. The object 
selected for the examples is the JSlide-Hest of a Horizontal 
Boring and Surfacing machine, made by Messrs. Fair- 
bairn, Kennedy, and Taylor, Leeds. In this example we 
shall treat of the colouring of working drawings, and one 
of the plates, showing a section, will be coloured. 

In making working drawings, the draughtsman must 
exercise his judgment by selecting such plans, elevations, 
sections, and details, as will best explain the form and 
arrangement of every part of the machine which he 
wishes to represent; and, in addition, the drawings should 
show the extreme positions of each of the moving pieces. 
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In making sections, it is sometimes convenient to 
assume the object cut by a number of section planes, all 
the sections thus made being projected upon one view; 
that is to say, instead of making one section of the whole 
object, two or more sections are made of different pai-ts, 
and each of these projected upon one view. All such 
sections should be made by parallel planes, and the posi- 
tion of each should be indicated by lines in the view of 
the object from which the sections are projected. By 
this means we can show the parts we wish, without 
making separate views for each section; however, there is 
a limit to the nimiber of sections, and in no case should 
they be so numerous as to destroy the simple and correct 
reading of the drawing. 

In the following example we shall show, by a simple 
case, a sectional elevation upon which are projected sec- 
tions made by three different planes (see fig. 197, Plate 
XXVIII). 

107. Slide-Rest. — In all Machine Tools there is em- 
ployed a cutting instrument or tool, and the positions 
and motions of this tool depend upon the kind of work 
which it is designed to perform. In the example we 
have selected the tool is carried by the slide-rest, and the 
material to be operated upon is made to rotate; however, 
for some purposes this order is reversed, the material 
being carried or supported by the slide-rest, or by another 
sHde. The different motions which can be given to the 
tool when it is carried by the slide-rest will be stated 
further on. 

In Plates XXVII., XXVIII. is shown in elevations 
and plans the slide-rest mentioned in Art. 106. Fig. 193, 
Plate XXVII., is a plan, and ^g. 194 is a sectional 
front-elevation or longitudinal section. Fig. 195, Plate 
XXVIII., is an end-elevation, takeni n the direction Y, 
fig. 194; fig. 196 is a plan Ox part of the bottom piece D; 
and ^g, 197 is a sectional end-elevation or cross-section. 
The slide-rest is attached to a compound slide, of which 
A is the top of the top slide; by means of this compound 
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slide tlie slide-rest, as a whole, can be moved in two 
directions in the same plane, one parallel to the axis or 
centre line GO of the machine, and the other at right 
angles to it. 

The sUde-rest proper consists of three movable pieces 
D, G, and N; the bottom slide G can be moved back- 
wards and forwards along the slide A at right angles to 
the axis CC; it is fixed in any required position by the 
bolts B, B. In the top part of D there is a circular 
T-headed slot or groove E, in which are placed bolts F,F. 
The bottom portion H of the slide G is circular, and is in 
contact with the slide D, the two surfaces being similar, 
except that D has a circular groove, and H has two bolt 
holes; the two slides are connected by the bolts F, F. 
In the common vertical centre KK of the slides is fixed 
a pin or pivot R, round which the slide G can be turned; 
when the required position is determined, the two slides 
D and G are firmly connected by the bolts F, F. In the 
top portion of the slide G there is a screw L^, which can 
be turned round in its bearings, but is prevented from 
moving lengthwise, in the direction of its axis; attached 
to the screw is a nut M. 

N is the top slide or tool rest which slides upon G; 
the two slides G and N are connected by means of the 
inclined surface O and the strip P; the nut M is fixed to 
the slide N, and the motion of K is obtained by turning 
the screw Til, Attached to the slide N are four bolts 
and nuts, the former are marked Q; S, S are clamps by 
means of which, together with the bolts Q, the tool or 
cutter is fixed to the rest N. The strip arrangement is 
similar to that given in Art. 31, page 30; the angle which 
the inclined surface makes with the horizontal plane 
varies between 50° and 60°, according to different makers. 
The screw lul has a circular collar T, which fits into a re- 
cess in the slide G; outside the collar is a plate U, 
through which passes the end I of the screw; a portion of 
the end ^ is of a square cross-section, and upon this is 
placed a handle or lever when the screw is to be turned 
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round. The collar of the screw and the plate are in con- 
tact; the latter is attached to the slide by means of two 
set-screws V, V, and thus the screw is prevented from 
moving lengthwise. 

The dotted lines aa'6', ccd\ ^g, 194, Plate XXVII., 
show the extreme positions of the top slide N; it is ad- 
visable in most cases to show the extreme positions of 
moving pieces, so as to see at a glance whether or not the 
moving piece can occupy the positions which it is in- 
tended it should. 

In addition to the scale of the drawing being given, 
the dimensions, of at least the principal parts, should be 
marked upon the drawings, even in the case of full-size 
drawings. In Plate XXV. the dimensions are given; in 
Plates XXVII., XXVIIL, and XXIX. , the principal 
dimension lines are shown, but the dimensions are omitted. 
In fig. 194, Plate XXVII., the dimension lines are not 
shown, on account of the colouring, but they should be 
shown in the drawing. 

108. In Plate* XXIX. are shown the pieces of the 
slide-rest which are made by the smith; such drawings 
are called Forge drawings, drawings of Forge work or 
Smith work. Forge drawings are generally made full-size, 
except in the case of very large pieces, and have all the 
dimensions added; not only those which the smith requires, 
but also those necessary to finish the article, as the forge 
drawings pass into other hands besides the smith's. The 
dimensions put on forge drawings dixe finished dimensions, 
so that the smith must make allowance for the material 
which has to be cut away in the different operations each 
piece has to undergo. It is usual to mark, in writing 
or otherwise, those pieces which are to be finished, as, 
finisJied all over, or bright ; those not so marked being 
left in the black, that is, as they leave the smith. 

In Plate XXIX. are shown two ways of marking the 

pieces, and the quantity of each piece required. In the 

case of screws, worms, (kc, the pitch or number of threads 

per inch, the hand, right or left, and whether single 
2e F 
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thread or otherwise, are mailed upon the drawings; 
sometiines the threads are drawn by one of the approxi- 
mate methods given in figs. 96 and 98, Plate YIII. 
There are manj other notes to be made upon the draw- 
ings which depend upon drcomstances, but as these vary 
considerably, we can only indicate the more general cases. 
In Plate XXIX. are shown the following figures: — 
Figs. 198, 199, are front and end-elevation of the screw 
12 for the slide G. Pigs. 200, 201, are front and end- 
elevation of one of the screws Q for the tool clamps S, S. 
Figs. 202, 203, are front and end-elevation of one of the 
nuts for the screws Q. Figs. 204, 205, are frt)nt and 
end-elevation of the pin or pivot R. Figs. 206, 207, are 
plan and front-elevation of one of the clamps S for holding 
down the tool or cutter. Figs. 208, 209, are front- 
elevation and plan of the plate XJ for holding the screw 
12 in position. 

The set-screws and bolts, except the bolts or screws 
Q, are not shown in this example; they are, however, 
generally put on the forge drawings, whether they are 
made by the smith who makes the other parts or not. 

109. We shall consider it unnecessary to enter into 
a description of the drawing of the figures in Plates 
XXyiL, XXYIII., and XXIX. ; however, we wUl 
explain more fuUy the sections, figs. 194 and 197. Fig. 
194, Plate XXVII., is a longitudinal section, as made 
by a plane passing through the centre of the screw ILl, 
^g. 193; one of the clamps S is also in section; the cylin- 
drical parts, as the screws L?, Q, Q, and the pin R, are 
not shown in section. Fig. 197, Plate XXVIII., is a 
cross-section, as made by the three planes S^P^, S^^P,^, 
and S,,^P/,^, ^g. 193, Plate XXVII.; we have only shown 
such portions of the sections, made by these planes, as 
will explain more fuHy the connection between the 
sevei'al pieces, which is, in fact; the object of making 
such sections. 

The figiu^es on Plates XXVII., XXVIIL, are drawn 
to a scale of J ; those on Plate XXIX. to a scale of ^. 
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110. Colouring of Workiiig Drawings. — In the 

examples given in this book, except fig. 194, Plate 
XXVII., we have employed diagonal lines to distinguish 
sections from other surfaces (see foot-note to page 23); 
these lines convey no idea of the kind of material of 
which the several parts are made; but by employing 
specified kinds of lines for specified kinds of material, 
we could indicate the kind of material of each separate 
part. However, this is more simply and effectually done 
by employing colours, each kind of material having a 
separate colour. 

The usual method is to colour, at least, all sectional 
parts; the kind of colour used is conventional, and. in 
some cases bears little resemblance to the colour of the 
material; this, however, is not a disadvantage, for if we 
try to copy the colour of the material, we should not have 
that uniform system which we have by using a certain 
standard colour for each kind of material. The following 
list contains the colours used for some of the chief kinds 
of material : — 

Material, Representative Colour, 

( 1. A neutral tint composed of Indian ink, 

Cast-iron, < Prussian Blue, and crimson Lake. 

( 2. Payne's Grey. 

Wrought-Irojif Prussian Blue. 

Qff^^j { Crimson Lake, with a Httle Prussian Blue 

^^^'' { added. 

Copper, Crimson Lake, with a little Gamboge added. 

Brass, Gamboge. 

!The colour varies from Raw Sienna for light 
coloured woods to Burnt Sienna for dark 
coloured, mixtures of these being used for 
intermediate shades. 

111. There are several ways of colouring sectional 

drawings, each of which has its special advantage ; for a 
moderate sized drawing a flat tint is the neatest, as is 
shown in ^g, 194, Plate XXVII. If the whole draw- 
ing is tinted, the sectional parts should be of a darker 
shade than the other parts ; and if two or more sectional 
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pajrts are in contact, a slight difference in the shade of 
colour may be employed for the adjacent pieces. For 
edges which would be fine lines in shade-line drawings, 
there is left a narrow margin between the colour and the 
line, but for edges which would be dark lines the colour 
is laid up to the lines ; for sections where two or more 
pieces are in contaxjt, the colour is laid up to the bottom 
and left-hand lines of each piece, as in fig. 194, Plate 
XXVII. 

Another way of colouring is to lay the colour in 
diagonal lines, with the pencil or brush, sloping the lines 
in different directions, corresponding to the diagonal 
section lines in the different figures in this book. 

112. Before concluding we may give the student a few 
general hints respecting this part of our subject, assuming 
he possesses the necessary colours ; a slab, with, say, six 
compartments, two or three brushes, either of camel hair 
or sable; the latter are best for general use, and may bo 
obtained from 4d. each, and the former from Id. each 
and upwards, according to size. 

Each colour should be mixed in a separate compart- 
ment of the slab; and in mixing a neutral tint each 
colour should be mixed separately, and then the neces- 
sary colours mixed together; the Indian ink and the 
other colours also should always be fresh mixed. Before 
using a colour, especially a neutral tint, stir the mixed 
colour with the brush ; always mix a suMcient quantity 
of a neutral tint to complete the work in hand, as it is 
difficult to obtain the same tint at two separate mixings. 

If the surface to be coloured is small, the colour may 
be laid on in darker coats than when the surface is large; 
the beginner should use very light coats of coloiu', and go 
over the surface several times, allowing each coat to get 
dry before laying on another. The colour must be laid 
on evenly all over the surface, and no little pools of 
colour allowed to remain on any part of the surface, as 
they would destroy that uniform appearance which it is 
desired to give to the surface coloured, Before mixing 
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any colour the slab should be carefully cleaned by wash- 
ing; this remark applies also to the brushes ; in fact the 
brushes should never be put away with colour in them. 
Order and cleanliness are two important points to be 
observed in colouring, we may say in drawing also, and 
they should always be in the mind of the beginner. 

The representative colours and the methods of colouring 
given in Arts. 110, 111, apply to flat surfaces only; when 
a drawing is to be shaded in colours, the shading is 
generally done by introducing other colours to those 
given, but this part of the subject is beyond the limits 
of this book. 



APPENDIX: 



Although the student is expected to possess an element- 
ary knowledge of Practical Geometry, we have considered 
it advisable to give a few examples of constructions for 
connecthig circles and arcs of circles with straight lines, 
several of which are required in this book. 



PEOBLEM I. 



A. 



^ 



B 



To connect two given straight lines containing a right 
angle by means of am, arc of a circle of a given radius. 

Fig. 210.^Let AB, BO be the 
two given straight lines, and let 
jj D represent the given radius. 
From B as a centre, with a 
radius D, cut AB, BC in E and 
F; through these points draw 
lines parallel to BC and AB re- 
spectively, intersecting in O. 
Fig. 210. Then is the centre of the re- 

quired arc of circle (as the angle ABO is a right angle, 
the arc EF is a quackant of a circle). 



E 
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PROBLEM n. 

To cormect two given straight lines which meet, hut do 
not contcuin a right cmghy hy means of a/n a/rc of a circle of 
a given radius. 

Fig. 211.— Let AB, BC be 
the two given straight lines^ 
and let D represent the given 
radius. 

Li AB, BC, take any con 
venient points H and K, and 
erect perpendiculars HL and 
KM, equal in length to D. 
Through L and M draw lines 
parallel to AB, BO respec- 
tively, intersecting in O. Then is the centre of the 
required arc of circle. Prom draw OE, OF perpen- 
dicular to AB, BO respectively, then EF is the length of 
the arc to be drawn. 




Fig. 211. 



PROBLEM m. 

To drom a circle to touch three given sf/rcAght tines. 

Fig. 212*— Let AB, 
BO, and OD be the 
given straight lines. 
Bisect the angle 
ABO by the line 
BH, the centre of 
the required circle 
will be in this line. 
Now bisect the angle 
BOD by the line OK, 




Fig. 212 



the centre of the required circle will be in this line also» 
Let BH and OK intersect in O. Then O is the centre of 
the required circle. From draw perpendiculars meeting 
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AB, BC, and CD in E, F, and G respectively, which are 
the points of contact between the given Imes and the 
circle. 

PROBLEM IV. 



To connect a given circle and a given straight line hy 
means of an arc of a circle of a given radius, 

a. When the given straight line pa^sses through the centre 
of the given circle, 

1. To touch the given circle intemally. 
Fig. 213. — Let AB be an arc of the given circle whose 

centre is O, CD the 
givenstraight line, and 
R the given radius. 
Draw any radius OP 
cutting the arc AB in 
E, and from E set off, 
• inside the circle, EF 
equal to the radius of 
the connecting arc R. 
From O as a centre, 
with a radius OF, de- 
scribe the arc HFK 
cutting the line CD. 
From any point L in 
CD draw LM perpen- 
dicular to CD, and 
equal in length to R. 
Through M (&aw MK 
parallel to CD, cut- 
^ ting the arc HFK in 

Fig. 213. K. Then K is the 

centre of the connecting arc. Draw the radius KN per- 
pendicular to CD, and from draw the line OK, and 
produce it to meet AB in Q. Then NQ is the length of 
the connecting arc. 
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2. To toivch the given circle externally. 

The construction is shown on the left of the line CD, 
fig 213, and is similar to the former case; the only 
difference is, that the centre of the connecting arc TJ is 
outside the given circle. ST is the length of the required 
arc. 

h. When the given straight line does not pass through 
the centre of the given circle, 

1. To touch the given circle externally. 

Fig. 214. — Let AB be an arc of the given circle whose 
centre is O, CD the given straight line, and R the given 
radius. Draw any 
radius OE and pro- B 

duce it, making EP 
equal to the given 
radius R. From O 
as a centre, with a 
radius OP, describe 
the arc PFH cut- 
ting the line CD. 
From any point K, 
in CD, draw KL 
perpendicular to CD, 
and equal in length 
to R^ Through 
draw LF parallel to 
CD cutting the arc 
PFH in F. ThenF 
is the centre of the 
connecting arc. Join 
FO cutting AB in 
N, and from F draw 
the radius FM per- 




Fig, 214. 



pendicular to CD. Then MN is the length of the required 
connecting arc. 

2. To touch the given circle internally. 

The construction is shown on the left of the line CD, 
fig. 214. 
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PROBLEM V. 

To describe a circle to pass through three given points. 

Fig. 215. — ^Let A, B, and C be the three given points. 
Join AB and BC; bisect AB and BC by the perpendicular 




Kg. 216. 
lines DE and FH, which intersect in 0. Then is the 
centre of the reouired circle^ and OA its radius. 



^ 



PROBLEM VI. 
To Arcm a tcmgent to a given circle/rom a given point. 




T 

Fig. 216. 

a. When the given poirU is on the given circle. 
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Kg. 216. — Let ABC be the given circle whose centre 
is O, and Q the given point. Join OQ, and draw DE 
perpendicular to OQ. Then DE is the required 
tangent. 

6. When the given point is outside the given circle. 

Fig. 216. — ^Let ABC be the given circle whose centre 
is O, and P the given point. Join PO, and upon it 
describe a semicircle PFO, cutting the given circle in F. 
Draw PT, touching the given circle in F, and it is the 
required tangent. 

If FO is joined, PT is perpendicular to FO (the angle 
in a semicircle is a right angle). 

PROBLEM Vn, 

To draw a common tcmgent to two given circles whose 
radii a/re unequal, 

1. To touAih the given circles on tlie same side of the line 
which joins their censes. 

Fig. 217. — Let O and P be the centres of the given 



Fig. 217. 

circles ABC and MNQ. Join OP, and let the line OP 
cut the given circle ABC in 0. From C set off, inside 
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the circle, CE equal to the radius of the smaller circle 
MNQ. From O as a centre with a radius OE, describe 
the circle DEF, and from P draw a tangent PF to 
this circle by the construction given in the previous 
figure. Join OF and produce it to meet the cir- 
cumference of the circle ABO in R. From P draw 
PQ parallel to OR, meeting the circumference of the 
circle MNQ in Q. Join QR, which is the required 
tangent. 

2. To touch the given circles on opposite sides of the line 
which joins their centres. 

Fig. 218. — ^The construction is similar to the pre- 
ceding case, CE is set oflf outside the circle ABO 
instead of inside it, as in fig. 217. 




-...|-,.-f\^ ^..- 



Fig. 218. 

iTo^e.— The radius of the circle DEF in &g, 217 is 
equal to the difference, and in fig. 218 it is eqiml to the 
sum, of the radii of the two given cii*cles. 



PROBLEM VIII. 

To describe a circle which shall touch a given straight 
Ivie, cmd also touch a given, circle (U a given point. 
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1. To touch the given 
circle externally. 

Fig. 219.— Let AB be the 
given straight line, CDE 
the given circle whose centre 
is 0, and C the given point. 
Join 00 and produce it, 
from draw OF perpendi- 
cular to 00, meeting AB in 
F. From F as a centre with 
a radius FO, describe an arc 
of a circle cutting AB in H. 
Draw HP perpendicular to 
AB, meeting 00 produced 
in P. Then P is the centre 
of the required circle, and 
PH its radius. 

2. To contain the given 
circle. 




Fig. 219. 

A 




Fig. 220. 



Fig. 220. — ^Tho construction is similar to the preceding 
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case, and, as tlie same letters of reference are used; the 
student can refer to it. 



PROBLEM IX. 

To describe a circle which shall toiLch a given circle^ and 
touch a given straight line in a given point. 

a. When the given straight line does not cut the given 
circle, 

I, The required circle is to touch the given one ex- 
ternally. 

Fig. 221. — ^Let ODE be the given circle whose centre 
is O, and F the given point in the given straight line 
AB. Through O draw OH perpendicular to AB, meeting 




Fig. 221. 

the circumference of the circle ODE in H; and from F 
draw FQ perpendicular to AB. Join FH, cutting the 
circumference of the circle ODE in E. Through E draw 
OE, and produce it to meet the perpendicular FQ in P. 
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Then P is the centre of the required circle, and PE its 
radius. 

2. The required circle is to contain the given one. 

Fig. 221. — Let CDE be the given circle whose centre is 
O, and F the given point in the given straight line AB. 
Through draw OK perpendicular to AB, cutting the 
given circle CDE in K ; and fix)m F draw FQ perpendi- 
cular to AB. Join FK, and produce it to meet the circle 
CDE in L. From L draw LO, and produce it to meet 
the perpendicular from F in Q. Then Q is the centre of 
the required circle, and QL its radius. 

b. When the given straight Une cuts the given circle. 

Fig. 222. — ^The same construction is employed as in 
fig. 221, case 1. 




Fig. 222. 

The following construction may be employed with ad- 
vantage, and in many cases for drawing purposes it is 
more accurate. 

Fig. 223. — ^Let CED be an ai'c of the given circle 
whose centre is 0, and F the given point in the given 
straight line AB. Through F draw PFH perpendicular 
to AB, and from F set off^FH, equal to the radius of the 
given circle CED. Join HO, and bisect it by the \\es:- 
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pendicular PQ, cutting HP in P, and from P draw PO, 




Fig. 223. 

cutting the given circle in E. Then P is the centre of 
the required circle, and PE its radius. 



EXEEOISES AND QUESTIONS. 



tHomz,— Where the scale is not given, the figures are to be draion Full Size. 



1. Draw a plain scale of i, showing feet, inches, and quarters 
of an inch. 

2. Draw a diagonal scale of i, showing feet, inches, and six* 
teenths of an in^. 

3. Draw a plain scale of ^, showing feet, inches, and half 
inches. 

4. Draw a diagonal scale of -^V) showing feet,' inches, and 
eighths of an inch. 

5. Draw a diagonal scale of |^, showing feet and inches. 

6. Draw in plan and elevation a prism 2';.3^V'high, suppos- 
ing it to be resting on one end, which is a sqfUare of 10§" side, 
on the horizontal plane ; the sides of the square being parallel 
and perpendicular to the ground line. Scale |. 

7. Draw a hexagonal nut for a 3'' bolt, showing a plan and 
two elevations similar to those on Plate lU. Add two sectional 
elevations, one made by a plane passing through two opposite 
angles, as a, b, fig. 35 ; and the other made by a plane at right 
angles to ab, and passing through the centre. The thread need 
not be shown in the sections. Scale i. 

8. Draw a bolt with hexagonal head and nut, the bolt to be 
10" long and 2" diameter. Show three views similar to those on 
page 24. Scale J. 

9. Draw a single riveted lap-joint from the following dimen- 
sions : — 

Thickness of plate f ''; diameter of rivets 1 J", pitch of rivets S"; 
and breadth of lap 3^''. Show similar views to those on page 26, 
and let the plates be about 12" wide. Scale J. 

10. Draw in front and end-elevation a shaft with neck and 
collars 6'.. 6" long over all, and 3" diameter; the collars to be 4^" 
diameter and 1" thick. Scale ^. 

11. If you require a shaft to transmit three times the power 
as that in No. 10, the conditions being the same, what would bo 
its diameter? See page 28. 

2e G 
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12. What form of key would you use for a pulley which re- 
quires moving occasionaJly? 

13. What form of key would you use for a wheel which is re- 
quired to slide along a shaft? 

14. Draw a half -lap box coupling for a 4J" shaft; the dimen- 
sions are to be taken from Art. 33, page 31. Show three views 
similar to those on Plate V. Scale J. 

15. Draw a right-handed helical curve of 3" diameter and IJ" 
pitch ; assume the cylinder upon which it is traced to be opaque, 
and show the back portion of the curve by a dotted line. 

16. Draw a right-handed V-threaded screw, 4" diameter and 
about 6" long; show the true form of thread, as in Plate VI. 
See Table II., page 38. 

17. Draw the screw in the previous exercise to a scale of i, 
and show the approximate form of thread, as in fig. 92, Plate 
VIII. 

18. Draw in plan and sectional elevation a nut for the screw 
in Ko. 16; show the thread by the approximate method. 
Scale i. 

19. Draw a right-handed square-threaded screw, Zi" diameter 
and 1" pitch, say about 8" long ; show the true form of thread. 

20. Draw in plan and sectional elevation a nut for the screw 
in the previous exercise ; the true form of thread is to be shown. 

21. Draw a left-handed square-threaded screw 2i" diameter 
and about 6" Ions ; show the approximate form of thread, as in 
fig. 96, Plate VIU. See Table III., page 40. 

22. Draw a right-handed double square-threaded screw 3" 
diameter, 1}'' pitch ; show the approximate form of thread, as in 
fig. 98, Plate VIII. Scale J. 

23. The centres of two parallel shafts, A and B, are l'.,9J'' apart, 
they are to be connected by wheels. Find the diameters of their 
pitch circles, so that A shsdl make 25 revolutions while B makes 
14. Scale ^. See page 41. 

24. Two shafts, A and B, are required te be connected by spur 
wheels ; the shaft A is the driver, the centre of which is fiixed. 
The shaft B is to make 30 revolutions while the shaft A mi^es 
55 ; and the wheel on A is to have 30 teeth of 1'76'' pitch. What 
is the diameter of the pitch circle of each wheel, and the dis- 
tance AB? Make a drawing, in outline, of the wheels, showing 
the tops and bottoms of the teeth and the pitch circles. Scale J. 
See Arts. 48, 49, and 50, page 42. 

25. Connect three shafts. A, B, and C, by spur gearing, as 
follows : — 

The shaft A is the driver upon which a pinion D of 15 teeth, 
1*25" piteh is fixed; this pimon gears into awheel E, on the 
shaft B, of 65 teeth ; on the shaft B there is a pinion F of 20 
teeth, 1*5" pitch, gearing into a wheel G of 85 teeth. How many 
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revolutions will G make supposing D to make 90 revolutions per 
minute ? Make a drawing, in outline, of the arrangement — the 
centres of A, B, and C are to be in a straight line. Scale ■^. 

26. Two shafts, A and B, at right angles are to be connected 
by bevel wheels ; A is the driver, and makes 70 revolutions per 
minute ; the greatest radius of the driving wheel is 6*5". Make 
a drawing of the frusta of the cones which will form their sur- 
faces of contact, supposing B to make 55 revolutions per minute. 
Scale J. See Art. 51, page 43. 

27. If the two shafts in No. 26 be inclined at 70° to each 
other, and the driving wheel be of the same radius; make a 
drawing of them, showing two views similar to the figures in 
Plate X. Scale J. 

28. "What are mitre bevel wheels? 

29. Make a drawing of a pair of mitre bevel wheels in gear of 
36 teeth, 1 '5" pitch. Show two views similar to those in Plate 
XI. ; and let the drawing show the top, bottom, and width of 
the teeth, and the pitch circles. Scale J. 

30. Two shafts, A and B, 10 feet apart, centre to centre, are to 
be connected by pulleys and band so that B shall make 120 revo- 
lutions for 80 of A; the pulley on A to be 12'' diameter; the 
shafts are to turn in the same direction. Make a drawing of the 
arrangement. Scale ■^. 

31. If the shafts in No. 30 are required to turn in opposite 
directions, what modification in the arrangement will be neces- 
sary? Make a drawing showing this latter arrangement, assum- 
ing the quantitiesi to be the same as in the last case. Scale ^. 

32. Can pulleys and bands be employed to reverse the direc- 
tion of motion Ox one of two shafts? 

^ 33. Make a drawing of a cone pulley, showing three views 
similar to those on Plate XII. The diameter of the largest speed 
to be 1',.6", the fall IJ", and the width of each of the four speeds 
3". The remaining dimensions may be taken from Art. 64, 
page 50. Scale J. 

34. Why are teeth employed for wheels which have tp transmit 
considerable force? 

35. Draw in plan and elevation a spur wheel of 30 teeth, 3'' 
pitch, showing the teeth, &c., as in figs. 123, 124, Plate XIII. 
bcale ^. 

36. Make a full size drawing of the odontograph, and cut out 
the small triangle at the bottom of the figure, see Plate XIV., so 
as to make it more convenient to use. 

37. Draw in elevation and plan a s^)ur wheel of 48 teeth, 
1 4" pitch; the teeth are to be drawn by means of arcs of circles, 
the radii of which are to be obtained from the odontograph, as 
explained in Art. 69, page 54. The arms, boss, &c., need not be 
shown. Scale J ; show two or three teeth full size. 
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38. Draw in elevation and plan a rack and pinion in gear ; the 
pinion t<5 have 15 teeth, 1" pitch ; use the odontograph to obtain 
the centres from which to describe the teeth, as explained in 
Art. 70, page 55. Let the views be similar to those in Plate 
XVI., from which the other dimensions may be taken* 

39. Make a drawing of a spur wheel and pinion in gear, show- 
ing front-elevation, end-elevation, and sectional end-elevation. 
The pinion to have 18 teeth and the wheel 47, pitch 1 J" ; the 
dimensions of the shafts to be the same as those on Plate XVII., 
and the other dimensions to be taken from Art. 72, page 58. 
Scale i. 

40. How can rotary or circular motion be changed into recti- 
linear motion, and vice versd ? 

41. Make a drawing, in outline, of a crank and connecting-rod 
to give an alternate rectilinear motion of l'.,3" to a sliding piece a; 
show the positions of a corresponding to the five positions CI, 
C2, &c., ojc the crank, as in fig. 133, Plate XVIII., the arcs B — 1, 
1 — 2, &c., being equal, and the connecting-rod being 3' 0" long. 
Scale J. 

42. Make a drawing of the crank and crank-shaft shown in 
figs. 134, 135, Plate XVIII., showing views similar to those given 
in these figures, adding also a longitudinal elevation. Scale J. 
The shaft may be broken off as shown in fig. 134. 

43. Draw in plan and elevation figs. 136, 137, Plate XVIII., 
and show a plan of the section made by the plane H, fig. 136. 

44. Draw the crank shown in figs. 138, 139, Plate XVIII. 
Suppose fig. 138 to be a plan; draw the plan, front-elevation, 
and end-elevation, with the small end of the crank in full. Add 
a sectional elevation, made by a plane passing through the 
common centre line in fig. 138. Scale ^. 

45. Draw the curves Im, mo, figs. 140, 141, Plate XIX., in 
plan and elevation for each end of the crank. Scale J. 

46. Suppose the curve Im, fig. 140, to be a- straight line, a 
continuation of the line joining it at m, draw the elevation of 
the curve 7'm'. Scale ^. 

47. What is the difference between an eccentric and a crank ? 

48. What is the eccentricity of an eccentric ? 

49. Make a drawing, showing the centres of shaft, and eccen- 
tric and sheave, of an eccentric having a throw of 4", Suppose 
the eccentric-rod to be 2'.. 6" long from centre of sheave, show 
the positions of the sliding end corresponding to six positions 
of the sheave while the shaft makes one revolution ; the angles 
described for each of the positions being the same. Scale i. 

50. Make a drawing of the eccentric, &c., shown in Plates 
XX. and XXI. Show three views similar to figs. 143, 144, and 
145, Plate XX. Scale i. 

51. Make detail drawings, similar to those in Plate XXV., o« 
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each piece of the eccentric arrangement shown in Plates XX. 
and XXI. Draw the eccentric-rod ends full size, and the other 
pieces to a scale of J. 

62. Draw a spiral of one revolution to give to a point, or the 
knife edge of a sliding bar, a rectilinear motion of 4", its 
greatest radius being 8". Scale i. 

63. A roller 2^" diameter is required to move forwards and 
backwards along a straight line at a uniform rate, the extent of 
motion in each direction being 7". Draw a cam which will give 
the required motion, its greatest radius being l'..Oi\ The pro- 
portions may be taken from Art. 91, page 68. Show three views 
similar to those in Plate XXIII. Scale J. 

64. Draw a cam similar to fig. 163, Plate XXIII., to give a 
rectilinear motion of 6", the greatest distance of the centre of the 
roller from the centre of the cam to be 12". The dimensions 
to be taken from Art. 91, page 68. Scale ^. 

66. Make a drawing of a pedestal for a 4" shaft, similar in 
design to that shown in Plate XXIV. ; the proportions to be 
taken from Art. 104, page 77. 

66. Make detail drawings similar to those in Plate XXV. of 
the pedestal in No. 66. 

67. Make a shade-lined finished drawing of the pedestal in 
No. 66 ; show views similar to those in Plate XXVI, 

68. Make detail drawings similar to those in Plate XXV. 
of each piece of the side-rest shown in Plates XXVII. and 
XXVIII. Scale i. 

69. Draw sectional elevations of the slide-rest made by the 
planes S^Pi, SuPn, SniPm, fig. 193, Plate XXVII. Scale J. 

60. Make a forge drawing for the eccentric shown in Plates 
XX. and XXI. 

61. Make a shade-lined finished drawing of the eccentric 
shown in Plates XX. and XXI. Scale i. 

62. Make a shade-lined finished drawing of the slide-rest 
shown in Plates XXVn. and XXVIIL Scale J. 
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Angle in a Semicircle, 01. 
Angles, Filling-up of, to Strengthen, 60. 
Angles Avoided, 60. 
Addendum, 54. 
Apparatus, Drawing, 10. 
Approximations used in Drawing, 9, 
39. 

Bakd (Belt or Strap), 46. 
„ Material used for, 46. 
„ Form of, 46. 
Bearings, Definition of, 20. 

, , Form of, for Rotating Pieces, 

29. 
„ Form of, for Screws, 29. 
„ Form of, for Sliding Pieces, 
Belt (see Band). [29. 

„ Open, 47. 
„ Crossed, 47. 
„ Surface, Amount of, in Contact 

with Pulley, 47. 
„ Tendency of, to Rise to Highest 
Part of PuUey, 48. 
Belts, Reversing Motion by means of, 

48. 
Bevel Wheels, 43. 

with Axes at Right 
Angles, to Draw, 44. 
with Axes not at Right 
Angles, 44. 
„ „ To Draw, 44. 

Bolts, 24. 
„ Size of Head of, 24. 
„ Examples of Use of, 24. 
Boss of a Wheel, 28. 
Bushes, 29. 

Form of 29. 
Material used for, 30. 
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Cams, 58, 66. 

„ Spiral, 67. 

„ Heart-Shaped, 67. 

„ „ not S^metrical, 67. 

Cam, Drawing and Dimensions of a, 

68. 



Chipping-Pieces, 76. 

Circle to be Drawn to Connect Two 

Lines Containing an Angle, 86. 
Circle to be Drawn to Touch Three 

Straight Lines, 87. 
Circle to be Drawn Through Three 

Given Points, 90. 
Circle, to Draw a Tangent to a, 90. 
, , Ratio of Diameter to Circumfer- 
ence of a, 42. 
„ Quadrant of a, 86. 
Collars on Shafts, 28. 

„ Loose, 29. 
Colouring, Hints on, 84. 
Colouring of Working Drawings, 83 
Colours Used for Working Drawings, 

83. 
Cone or Speed Pulley, 49. 

„ Fall or Step of, 50. 

„ Drawiug and Di- 

mensions of a, 50. 
Connecting-Rod, 58. 
Cotter, 62. 
Couplingo, 31. 

„ Butt Box, 82. 
„ Clutch or Claw, 32. 
„ Half-Lap Box, 32. 
„ Proportions of Half-Lap 
Box, 82. 
(Trank, The, 58. 

Drawing of a Cast-iron, 61 
and Crank-Shaft, Drawing of 

a, 59. 
Bobs of, 61. 
Feather of, 61. 
Web of, 61. 
Motion of, 58. 
„ Stroke of, 59. 
Crank-Arm, 68, 60. 
Crank-Shaft, 59. 
Chross-Section, 25. 

Decimal Rule, 10. 

Development of Helical Carre, 85. 

Diagonal Scale, 15, 
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DoTatailed Key, 28. 

Drawing, Definition of a, 9, 18. 

Apparatas, Hints on the 

Use of, 10, 69. 
Approximations Made Use of 

in, 9. 
Boards, Sizes of, 11. 
First Lines of a, 16. 
Paper, Sizes of, 11. 
Pencils, and Catting of do., 

11. 
Pins, 11. 

of Pencil Lines, 11. 
of Ink liines, 69. 
of Parallel Lines, 12. 
„ to Scale, 9, 13. 
Drawings, Detail, 76. 

Finished, 71, 76, 78. 
Forge, 81. 
„ Working, 71, 75, 78. 
Driver, Definition of, 41. 

ECCENTBIO, 62. 

Drawing of, 65. 
Eccentricity of, 62. 
Motion of, 62, 64. 
Sheave of, 62. 
Strap of, 62. 
„ Throw of, 62. 
Eccentric-Bod, 62, 66. 
Jilevation, Definition of, 18, 23. 
„ End or Side, 21. 
„ Front, 21. 
Elevations, Position of, 20, 23. 
Ellipse, 23. 
Epicycloids, 53. 

Equations connecting the Pitch and 
the Diameter of Wheels, 48. 
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Face of Teeth of Wheels, 64. 
Flank „ „ 54. 

Facings, 42. 
Feather of Crank, 61. 
„ Wheel, 57. 
„ Eccentric Strap, 63. 
First Lines of a Drawing, 16. 
Follower, Definition of, 41. 
Formula for the Pitch Circles of 

Wheels, 43. 
Flanges, 76. 

Geometry (see Practical Geometry). 
Ground Line, 18. 

„ Definition of, 18. 

Helical or Screw Curve, Definition 

of, 33. 
Drawing of, 35. 
Development of, 35. 
Left-huided, 84. 
Length of, 84. 






Helical or Screw Curve, Pitch of, 33. 

,, Bight-handed, 34. 

„ Motion, Definition 

of, 29. 

,, Bearings for, 29, 81. 

Hexagonal Nuts, Drawing of, 21. 

„ Table of Sizes of, 22. 

Hints on Colouring, 84. 
Hints on the Use of Drawing Instru- 
ments, 10, 69. 
Hypocycloid, 53. 

Indian Ink, 69. 
India-rubber, 11, 12, 69. 
Inking-in a Drawing, 69. 

„ „ Order of, 69. 

„ „ Hints on, 69. 

Instruments used in Drawing, Hints 

on, 10, 69. 
Intersections of Cylinders, 65. 

„ of a Cylinder and a 

Plane, 60. 
„ of Curved Surfeuses, 61. 

Joint, Biveted Lap, 25. 

„ Bolted, 24. 
Journals, 29. 

„ Material used for, SO. 

Eets, 28. 

„ Form of, 28. 

„ Material used for, 23. 
Key, Dovetailed, 28. 

„ Sliding, 28. 
Key-bed or Key-way, 28. 

Line of Contact, 44. 
Lines, Centre, 12, 17. 

„ Construction, 12. 

„ Dotted, 12. 

,, Dimension, 12. 

„ Drawing of Pencil, 11. 
Ink, 69. 
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Parallel, by Set- 
square, 12. 
Parallel, by 1"- 
square, 12. 
„ First, of a Drawing, 16. 
„ Joining Straight with Curved, 

70. 
„ Badius, 12. 
„ Shade or Dark, 70, 74. 

Examples of, 72. 
Bules for Draw- 
ing, 71. 
„ Unbroken or Full, 12. 

Measureuent, Standard of, 9. 
Mitre Wheel^ 46. 

„ Drawii^ in Outline of 

a Pair of; 45. 
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Nuts, 29. 
„ for SqQare-threaded Screws, 31, 
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88. 
Hexagonal, Approximate Draw- 
ing of, 21. 
Approximate Sizes 

of, 21. 
Drawing of, 21. 
Chamfering of, 21. 
Table of Standard, 
22. 
Nnt, Hexagonal, Circumscribed by a 

Hemisphere, 23. 
Notation for Dimensions, 12. 

Object, Position of, 20. 
Odont<^raph, 54. 

Construction of, 54. 

To Draw Teeth of Wheels 
by Means of, 54. 

To Draw Teeth of Backs 
by Means of, 56. 
Oil-cup, 63, 76. 
Oil-hole, 66, 75. 
Oil-ways, 75. 

Paper, Drawing, Fixing of, 11. 

„ Sizes of, 11. 

Parallel Lines, To Draw, 12. 
Path of Crank-pin, 59. 
Parallelogram, 44. 
Pedestal or Plummer-Block, 30, 75. 
Proportions of, 77. 
Steps of, 75, 78. 
Detail Drawing of, 

77. 
Finished Drawing 

of, 78. 
Working Drawing 
of, 75. 
Pin for Bolt, 25. 

Pitch of Helical Curre, Definition of, 
83. 
„ of a Screw, Definition oi^ 35, 89. 
„ of Bi vets, 26. 
„ of Wheels, 42. 
„ „ Proportions of Tteth 

in Terms of, 52. 
Pitch Circle, 42, 62. 

„ of a Wheel, 42. 

Pitch Line, 52, 55. 

„ of a Back, 55. 

Pivots, 29. 

Plan, Definition of, 18, 23. 
Plane, Horizontal, 18. 

„ Vertical, 18. 
Plate Wheel, 42. 
Projection, Definition of, 18. 
„ Examples of, 19. 
Practical Geometry — 

ConstroctionB for Connecting 
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Practical Geometry- 
Circles and Arcs of Circles with 

Straight Lines, 86. 
To Connect Two Lines containing 

a Bight Angle by an Arc of a 

Circle, 86. 
To Connect Two Lines which do 

not contain a Bight Angle by 

an Arc of a Circle, 87. 
To Draw a Oirde to touch Three 

given Straight Lines, 87. 
To Connect a Circle and a Straight 

Line by an Arc of a Circle : — 

a. When the Straight Line passes 

through the Centre of the 
Circle :— 

1. To Touch the given Circle In- 
ternally, 88. 

2. To Touch the given Circle Ex- 
ternally, 89. 

b. When the Straight Line does not 

pass through the Centre of the 
Circle :— 

1. To Touch the given Circle Ex- 
ternally, 89. 

2. To Touch the given Circle In- 
ternally, 89. 

To Describe a Circle to "prju 
through Three given Points, '90. 

To Draw a Tangent to a Circle 
from a given Point : — 

a. When the given Point is On the 

Circle, 90. 

b. When the given Point is Outside 

the Circle, 91. 
To Draw a Common Tangent to 
Two Circles whose Ba^i are 
Unequal : — 

1. To Touch the Circles on the 
same side of the Line which 
joins their Centres, 91. 

2. To Touch the Circles on oppo- 
site sides of the Line whidi 
joins their Centres, 92. 

To Describe a Circle which shall 
Touch a given Straight Line 
and a given Circle at a given 
Point :— 

1. To Touch the given Circle Ex- 
ternally, 93. 

2. To Contain the given Circle, 93. 
To Describe a Circle which shidl 

Touch a given Circle and a 
nven Straight Line in a given 
Point :— 
a. When the given Straight line 
does not Cut the given Circle. 

1. The Bequired Circle is to Touch 
the given one ExternaUy, 94. 

2. The Bequired Cirde is to con- 
tain the g^ven.<mA>^^« 
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Practical Geometry— 
b. When tbe giren Straight line 
cats the giren Circle, 95, 96. 
Proportions of Half-lap Coalings, 32. 
Necks of Shahs, 29. 
Pedestals, 77. 
Steps for Pedestab, 78. 
Teeth of Wheels, 52, 58. 
Wheels, 58. 
Hexagtmal Nat^ 21. 
V-threaded Screws, 38. 
Square-threaded 
Screws, 39. 
Pulley, Fast and Loose, 49. 
Pulleys, 48. 

„ Amount of Convexity o^ 48. 
„ Cone or Speed, 49. 
Pulleys, and Bands, 45. 

„ Advantages of, 46. 

„ Berersing Motion hy, 48. 

QuADBAST of a Circle, 86. 

Back and Pinion, 55. 

„ To Draw Teeth of, by 

Odontograph, 56. 
Ratio of Diameter to Circumference of 

a Circle, 42. 
Bednction in Size of Plane Objects 

when Drawn to Scale, 13. 
Beduction in Size of Solid Objects 

when Drawn to Scale, 14. 
Beversing Motion by Belts, 48. 
Bight Angles, To Draw Lines at, 12. 
Biveted Lap-joint, 25. 
Bivets, 25. 

„ Pitch of, 26. 
Botation, Definition of, 29. 
Botary Motion, Change of, 58. 
Botating Pieces, Beanngs for, 29 
Bule, Decimal, 10. 

„ Two-foot, 10. 
Bectangle, 44. 

Scales. 13. 
Scale, Drawing to, 9. 
Diagonal, 15 

„ Construction of, 15. 
„ Use of, 16. 
„ Plain, 15. 
Screws, 85. 
„ Approximate Methods of 

Drawing Threads of, 39. 
„ Double Square-threaded, 39. 
, „ Square-threaded, 38. 
„ Square-threaded, Drawing of, 
88. 
Square-threaded, Drawing of 

Bight-handed, 38. 
Square-threaded, Drawing of 
Left-luuided, 40. 
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Screwi^ Sqnaie-threaded, Beazin^B 

„ Square-threaded Table of; 40. 

„ Big^t and Left-handed, 40. 

„ Pitch oL Defined, 39. 

,. Space o^ 86. 

„ Tonplates for Drawing 

Threads o^ 37. 
„ Thread o^ 35. 
,, V or Triangular-threaded, 86. 
„ V or Triangular-threaded, 
Ang^ o^ 36. 

V or Triangular-threaded, 
Drawing of, 36. 

V or Triangular-threaded, 
Table of, 38. 

V or Triangular-threaded, 
Whitworth Standard, 37. 

Section, Cross, 25, 79. 

„ Longitudinal, 25, 79. 
Sectional Elevation, 25, 28. 

,, PUn, 72. 
Sections, Distinguished by Diagonal 

Lines, 23. 
Semicircle, The Angle in a» 91. 
Set-squares, 11. 

„ To Draw Parallel Lines 
with, 12. 
Sot-screws, 60. 
Shade or Dark Lines, 70. 
Shade-Lining, Bnles for, 71. 

„ Examples of, 72. 

Shaft with CoUars, 28. 
Shafting, 26. 

„ Form of, 26 

Loose Collars for, 29. 
Material used for, 26. 
Bushes for, 30. 
Pedestals for, 30. 
Keys for, 28 
Motion of, 29. 
Belative Strength of 28. 
„ Proportions of Necks of, 29. 
Sheave of Eccentric, 62. 
SUde-Best, 78. 79. 

„ Forge Drawing of, 81. 
„ Working Drawing of, 78. 
SUdes, 29, 30. 

„ Strips for, 30. 
Spiral, 67. 

„ To Draw, 67. 
Split-pin, 64. 

Spur Wheels, Use and Motion of, 41. 
Drawing of Toothless, 41. 
Drawing in Outline of, 42. 
Approximate Drawing of 
Teeth of, 53. 
„ Proportions of, 58. 
Spur Wheel and Pinion in Gear, 67. 
Spur Wheel and Pinion in Gear, To 
Draw, 57. 
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Spur Wbeel and Pinion in Gear, To 

Draw Teeth of, 67. 
Steps of Fedeetals, 75, 78. 

„ Flaiiiges of, 76. 

Standard of Measarement, 9. 
Strap (see Band and Belt). 
Stroke of Crank, 59. 

Tabus of Hexa«;onal Nats, 22. 
Scales, 15. 

Square-threaded Sorews, 40. 
V-threaded Screws, 88. 
Tangent to a Circle, To Draw a, 00. 
Tangent to Two Circles, To Draw a 

Common, 91. 
Teeth of Wheels, 51. 

Addendum of, 54. 
Face of, 54. 
Flank of, 54. 
Farts of, defined, 52. 
Pitch of, 42, 52. 
Proportions of, 52, 58. 
To Draw, ApprozimatelT, 58. 
„ To Draw by Odontograiua, 54. 



$9 



t> 



It 



t% 



it 



Templates for Drawing Carres, 87. 
Trace of a line, 18. 
THBqnare, 11. 

„ Lines to be Drawn with, 1^ 
Two-foot Bole, 10. 



ViBW of an Object, 21. 

Washer, 25. 

Web of Crank, 61. 

Wheels, Spur (see also Spar Wheels), 

41. 
Wheels, Spar, Drawing in Oatline of, 

42. 
Wheels, Spur, Proportions of, 58. 
Wheels, Beyel (see also Bevel Wheels), 

43. 
WheelB, BeTtl, with Axes at Bight 

Angles, 44. 
Weeels, Berel, with Axes not at Bight 

Angles, 44. 
Wheels, Mitre Berel, 45. 
Whitworth Screw Thread, 37. 
Whitworth Screw Thread, Table of 

Standard, 88. 



WILLIAM COLLINS AND CO., PEINTKRS, OLASOOW. 



'William Collins, Sons, & Co.'s Educational "Works. 



COLLINS' SERIES OF FIRST-GLASS SCHOOL ATLASES, 

Carefully Constructed and Engraved from the best and latest Authorities^ and 
Beautifully Printed in Colours, on Superfine Cream Wave Paper, 



MODERN GEOGRAPHY— Grown Series. 

MY FIRST ATLAS, consisting of 12 Maps, 9 inches by 7 J inches, 
folded 8 vo, in Neat Wrapper, 



i. d. 
o 6 



1 The Hemispheres. 

2 Europe. 

3 Asia. 

4 Africa. 

5 North America. 

6 South America. 



7 England and Wales. 

8 Scotland. 

9 Ireland. 

10 Central Europe. 

11 Australia. 

12 Palestine. 



9 Ireland. 

10 Central Europe. 

11 India. 

12 Canada. 

13 United States. 

14 Australia. 

15 New Zealand. 

16 Palestine. 



\ 



THE PRIMARY ATLAS, consisting of 16 Maps, 9 inches by ^\ 

inches, 4to, Stiff Wrapper, o 6 

1 The Hemispheres. 

2 Europe. 

3 Asia. 

4 Africa. 

5 North America. 

6 South America. 

7 England and Wales. 

8 Scotland. 

THE POCKET ATLAS, consisting of 16 Maps, folded in 8vo, and 
mounted on Guard^ cloth lettered, 

THE JUNIOR, OR YOUNG CHILD'S ATLAS, consisting of 1 6 
Maps, 4to, with 16 pp. of Questions on the Maps^ in Neat Wrapper, 

THE SCHOOL BOARD ATLAS, consisting of 24 Maps, Crown 
4to, cloth limp, 

THE PROGRESSIVE ATLAS, consisting of 32 Maps, 9 inches by 
7. J inches, 4to, cloth lettered, 

1 The Hemispheres. 

2 The World, (Mercator's Projection ) 
8 Europe. 

4 Asia. 

5 Africa. 

6 North America. 

7 South America. 

8 England and Wales. 

9 Scotland. 

10 Ireland. 

11 France. 

12 Holland and Belgium. 

13 Switzerland. 

14 Spain and Portugal. 

15 Italy. 

16 Sweden, Norway, and Denmark. 

THE CROWN ATLAS, consisting of 32 Maps, on Guards, with 
Index, 8vo, cloth lettered, , ... 2 

THE NATIONAL ATLAS, consisting of 32 Maps, 4to, with a 
Copious Index, cloth lettered, 2 

Iiondon, Edinburgh, and Hexxiot 'HSU'^orf^^^^^s^M?:^ 



17 German Empire. 

13 Austria. 

I'J Russia in Europe. 

20 Turkey in Europe, and Qreece. 

21 India. 

22 Persia, Afghanistan, and Beloochis- 

23 Turkey in Asia. [tan. 

24 Chinese Empire and Japan. 

25 Arabia, Egypt, and Nubia. 
2(5 Palestine. 

27 Dominion of Canada. 

28 United States. 

29 West Indies. 

30 Australia. 

31 New South Wales, Victoria, and 

32 New Zealand. [South Australia. 



'William Collins, Sons, So Co.'s Educational Works. 

COLLINS' SERIES OF SCHOOL ATLASES-CONTINUED. 



/ 



PHYSICAL GEOGRAPHY— Demy Series. 

THE PRIMARY ATLAS OF PHYSICAL GEOGRAPHY, i6 
Maps, Demy 4to, 9 by iz inches, Stiff Cover, 

THE POCKET ATLAS OF PHYSICAL GEOGRAPHY, 16 Maps, 
on Guards, Demy 8vo, cloth, 



I 



d. 



1 Hemispheres. 

2 Physical Map of Europe. 

3 Physical Map of Asia. 

4 Physical Map of Africa. 

6 Physical Map of North America. 
Physical Map of South America. 

7 Pliysical Map of the British Isles. 

8 Maps of the World— shewing Tempera- 

ture in March, April, May, June, 
July, and August 

9 Maps of the World— shewing the Mean 

Temperature in September, October, 
November, December, January, and 
February. 



10 Map of the World— shewing the Con- 

stant, Periodical, and Variable 
Winds, Ac. 

11 Map of the World— shewing the Dis- 

tribution of Rain, Ac. 

12 Map of the World— illustrating Earth- 

quakes, &c. 
IS Map of the World— shewing the 
Ocean Currents, Ac. 

14 Map of the World— shewing the Dis- 

tribution of Birds and Fishes. 

15 Map of the World— shewing Distri- 

bution of Quadrupeds, &c. 

16 Map of the World— shewing Distri- 

bution of Plants, &c. 



PHYSICAL GEOGRAPHY— Imperial Series. 

THE PORTABLE ATLAS OF PHYSICAL GEOGRAPHY, 20 

Maps, II by 13 inches, mounted on Guards, Imp. 8vo, cloth, 

THE STUDENT'S ATLAS OF PHYSICAL GEOGRAPHY, 20 
Maps, mounted on Guards. With Letterpress Description and Wood 
Engravings. By James Bryce, LL.D., F.R.G.S. Imp. 8vo, cl.. 



1 Hemispheres- shewing proportions of 

Jjand and Water, with Lengtli of 
Rivera and Heights ofMountains,&c. 

2 Physical Map of Europe— shewing 

Mountains and Rivers, High and 
Low Lands. 
a Physical Map of Asia— shewing as 
above. 

4 Physical Map of Africa— shewing as 

above. 

5 Physical Map of North America — 

shewing as above. 

6 Physical Map of South America — 

shewing as above. 

7 Physical Map of the British Isles- 

shewing as above. 

8 Various Sections across theContinents. 

9 Various Sections in the Oceans; Dia- 

gram of Suez Canal, &c. 

10 Maps of the World— shewing the Mean 

Temperature of the Air — ^March to 
August. 

11 Maps of the World— shewing the 

Mean Temperature of the Air— Sep- 
tember to February. 



12 Map of the World— shewing the Dis- 

tribution of Constant, Periodical, 
and Variable Winds; Limits of 
Trade Winds, Ac. 

13 Map of the World— shewing the pro- 

portionate distribution of Rain, &c. 

14 Map of the World— illustrating Earth- 

quakes and the distribution of Vol- 
canoes. 

15 Map of the World— shewing the 

Ocean Currents and Basins, and 
principal River Systems. 

16 Map of the World— shewing the 

Geographical Distribution of Birds 
and Fishes. 

17 Map of the World— showing Geographi- 

cal Distribution of Quadrupeds and 
Reptiles. 

18 Map of the World— shewing the Geo- 

graphical Distribution of Plants. 

19 Map of the World— shewing^ the Dis- 

tribution of Mankind according to 
Races. 

20 Geological Map of the British Islea 



Xtondon, Edinburgh, and Herriot Hill Works, Glasgow. 



'William Collins, Sous, & Co's Educational 'Works. 

COLnifS' SEBIES OP SCHOOL ATLASES— ContiiiiiecL 



HISTORICAL GEOGRAPHY. 

THE POCKET ATLAS OF HISTORICAL GEOGRAPHY, 16 i, d. 
Maps, 6^ by II inches, mounted on Guards, Imperial i6mo, cloth, I 6 

THE CROWN ATLAS OF HISTORICAL GEOGRAPHY, 16 

Maps, with Letterpress Description by Wm, F. Collier, LL.D., 
Imperial i6mo, cloth, 2 6 

THE STUDENTS ATLAS OF HISTORICAL GEOGRAPHY, 
16 Maps, with Letterpress Description by Wm. F. Collier, LL.D., 
8vo, cloth, ... ... ... ... ... ... ... ... 3 o 



1 Roman Empire, Eastern and Western, 

4th Century. 

2 Europe, Gth Century, shewing Settle- 

ments of the Barbarian Tribes. 

3 Europe, 9th Century, shewing Empire 

of Charlemagne. 

4 Europe, 10th Century, at the Rise of 

the German Empire. 

5 Europe, 12th Century, at the Time of 

the Crusaders. 

6 Europe, 16th Century, at the Eve of 

the Reformation. 

7 Germany, 16th Century, Reformation 

and Thirty Years' War. 



8 Europe, 17th and 18th Centuries. 
Europe at tlie Peace of 1815. 

10 Europe in 1870. 

11 India, illustrating the Rise of the 

British Empire. 

12 World, on Mercator's Projection, 

shewing Voyages of Discovery. 

13 Britain under the Romans. 

14 Britain under the Saxons. 

15 Britain after Accession of William 

the Conqueror. 

16 France and Belgium, illustrating 

British History. 



CLASSICAL GEOGRAPHY. 

THE POCKET ATLAS OF CLASSICAL GEOGRAPHY, 15 

Maps, Imperial i6mo, 6^ by 11 inches, cloth lettered, 

THE CROWN ATLAS OF CLASSICAL GEOGRAPHY, 15 Maps, 
with Descriptive Letterpress, by Leonhard Schmitz, LL.D., Imperial 
i6mo, cloth lettered, ... ... ... .^. 

THE STUDENT'S ATLAS OF CLASSICAL GEOGRAPHY, 15 

Maps, Imperial 8vo, with Descriptive Letterpress, by Leonhard 
Schmitz, LL.D., cloth lettered, 



1 Orbis VeteribusNotus.B. 

2 .^jrptus. 

3 Regnum Alexandri Magni. 

4 Macedonia, Thracia, dec. 

5 Imperium Romanum. 

6 Grsecia. 

7 Italia, (Septentrionalis.) 

8 Italia, (Meridionalis.) 



9 Armenia, Mesopotamia, d^c. 

10 Asia Minor. 

11 Palestine, (Temp. ChristL) 

12 Gallia. 

13 Hispania. 

14 Germania, drc. 

15 Britannia. 



Historical and Classical Atlas. 

THE STUDENTS ATLAS OF HISTORICAL AND CLASSI- 
CAL GEOGRAPHY, consisting of 30 Maps as above, with Intro- 
ductions on Historical Geography by W. F. Collier, LL.D., and on 
Classical Geography by Leonhard Schmitz, LL.D., with a Copious 
Index, Imperial 8vo, cloth, ... ... ... ... ... 5, o 



London, Edinburgh, and HeTTio\.■H3K!L"^o"t^^»Q^a»«^P« 



'William Collins, Sons, & Co/s Educational "Works. 



CLASSICAL SERIES. *. d. 

LATIN RUDIMENTS, for Standards IV., V., and VI., in 3 Parts, 

3 PP* ) cacn, ••• ••« ••• ••• ••• ••• ••• o z 

LATIN RUDIMENTS, with Copious Exercises in Reading and Com- 
position, i2mo, cloth, ... ... ... ... ... ... 2 o 

LATIN DELECTUS, with Explanatory Notes and Copious Vocabu- 

W> *3* PP* i*n™o» clo^^» » o 

CiESAR, with Imitative Exercises, Notes, Questions, and Vocabulary, 

184 pp. i^nno, cloth, ... ... ... ... ... ... i 6 

VIRGIL— BOOKS L, II., III., and VI. of the iENEID, with 

Notes, Examination Questions, and Vocabulary, 264 pp. izmo, cloth, 2 o 

RUDIMENTS OF THE GREEK LANGUAGE, with Exercises and 

Vocabulary, i2mo, cloth, a o 



MODERN LANGUAGES. 



FRENCH, by M. CHARDENAL, B.A., 
High School, Glasgo-w. 

FRENCH PRIMER, for Junior Classes, in 3 Parts, each 2d. 5 or 

complete, 6d. sewed, or cloth, ... ... ... ... ... o 9 

FIRST FRENCH COURSE, or Rules and Exercises for Beginners, 

Fourth Edition, 212 pp., fcap., cloth, i 6 

SECOND FRENCH COURSE, or French Syntax and Reader, Second 

Edition, 240 pp., fcap., cloth, ... 2 O 

FRENCH EXERCISES FOR ADVANCED PUPILS, containing 
the Principal Rules of French Syntax, numerous French and English 
Exercises on Rules and Idioms, and a Dictionary of nearly 4,000 
idiomatical Verbs and Sentences, familiar Phrases, and Proverbs. 
Second Edition, 320 pp., fcap., cloth, ... ... ... ... 3 6 

KEY TO FIRST AND SECOND COURSES, fcap., cloth, ... 3 6 

KEY TO ADVANCED COURSE, to which are added Explanations 

of 850 of the most difficult French Idioms, fcap., cloth, ... ... 3 6 



GERMAN, by DR. JULIUS MAIER, 
Cheltenham College. 

GERMAN PRIMER, for Junior Classes, in 3 Parts, each 2d. ; or 

complete in cloth, o 9 

PRACTICAL GERMAN GRAMMAR, First Course, wJth Elemen- 
tary German Reader, fcap., cloth, 2 o 

SECOND GERMAN COURSE, fcap., cloth, a o 

London, ^dinbiirgh, and Herxiot Hill 'Works, Glasgow. 



'William Collins, Sons, <& Co.'s Educational "Works. 

>• 

COLLINS' SERIES OF FIRST-CLASS SCHOOL ATLASES, 

Carefully Constructed and Engraved from the best and latest ^ut/icrhleSf and 
Beautifully Printed in Colours, on Superfine Cream Wove Paper, 

MODERN GEOGRAPHY— Crown Series. *. d. 

MY FIRST ATLAS, consisting of iz Maps, 9 inches by 7^ inches, 

folded 8vo, in Neat Wrapper, o 6 

THE PRIMARY ATLAS, consisting of 16 Maps, 9 inches by 7^ 

inches, 410, Stiff Wrapper, o 6 

THE POCKET ATLAS, consisting of 16 Maps, folded in 8vo, and 

mounted on Guards, cloth lettered, ... ... ... ... i o 

THE JUNIOR, OR YOUNG CHILD'S ATLAS, consisting of 1 6 

Maps, 4to, with 16 pp. of Questions on the Maps, in Neat Wrapper, 1 o 
THE STANDARD SCHOOL ATLAS, consisting of 04 Maps, 

Crown 4to, in Neat Wrapper, ... ... Z o 

THE PROGRESSIVE ATLAS, consisting of 31 Maps, 9 inches by 

7i inches, 4to, cloth lettered, ... z o 

THE CROWN ATLAS, consisting of 32 Maps, on Guards, with 

Index, 8yo, cloth lettered, 2 6 

THE NATIONAL ATLAS, consisting of 34 Maps, 4to, with a 

Copious Index, cloth lettered, ... - ... 2 6 



MODERN GEOGRAPHY— Imperial Series. 

THE SELECTED ATLAS, consisting of 10 Maps, Imperial 4to, ii- 

by 13 inches. Stiff Cover, i 6 

THE PORTABLE ATLAS, conasting of 16 Maps, folded Imperial 

Svo, cloth lettered, 2 o 

THE ADVANCED ATLAS, consisting of 32 Maps, Imperial 410, 

cloth lettered, ... ... ... ... ... ... ... 3 ^ 

THE ACADEMIC ATLAS, consisting of 32 Maps, Imperial 410^ 

with a Copious Index, cloth lettered, 5 o 

THE STUDENT'S ATLAS, consisting of 32 Maps, and 6 Ancient 

Mapt, with a Copious Index, Imperial Svo, cloth lettered, ... 6 o 

THE COLLEGIATE ATLAS, consisting of 32 Modern, 16 Historical, 
and 2 Ancient Maps, mounted on Guards^ with a Copious Index, 
Imperial 8vo, cloth lettered, 7 6 

THE INTERNATIONAL ATLAS, consisting of 32 Modem, 16 
Historical, and 14 Maps of Clasncal Geography, with Descriptive 
L et te rpres s on Historic^ Geography, by W. F. Collier, LL.D.; and 
on Claincal Geography, by L. Schmitz, LL.D., urith Copious Indices^ 
Imperial 8yo, CU)Cn mounted on Guaids^ 10 6 

PHYSICAI- GKOGRAPHY— Demy Series. 

THE PRIMARY ATLAS OF PHYSICAL GEOGRAPHY, x6 

Maps, Demy 4to, 9 by IX inches. Stiff Cover, I o 

THE POCKET ATLAS OF PHYSICAL GEOGRAPHY, z6 Maps^ 
on GuMrds, Demy 8ro, doth, ... ... ... 2 o 

Xoxxdoa, EdinhurglLp and Herriot HniTFToTto^Ot\aa^crw. \^ 



'William Collins, Sons, A Co-'s Educational "Works. 

COLLINS' SERIES OF SCHOOL AT LASES-CONTINUED. 

PHYSICAL GEOGRAPHY— Imperial Series. *. ^ 

THE PORTABLE ATLAS OF PHYSICAL GEOGRAPHY, 20 

Maps, II by 13 inches, mounted on Guards, Imp. 8vo, cloth, ... 3 6 

THE STUDENT'S ATLAS OF PHYSICAL GEOGRAPHY, 20 
Maps, mounted on Guards. With Letterpress Description and Wood 
Engravings. By James Bryce, LL.D., F.R.G.S. Imp. 8vo, cl,, 5 o 



HISTORICAL GEOGRAPHY. 

THE POCKET ATLAS OF HISTORICAL GEOGRAPHY, 16 

Maps, 6^ by 11 inches, mounted on Guards, Imperial i6mo, cloth, 

THE CROWN ATLAS OF HISTORICAL GEOGRAPHY, 16 
Maps, with Letterpress Description by Wm. F. Collier, LL.D., 
Imperial i6mo, cloth, 

THE STUDENT'S ATLAS OF HISTORICAL GEOGRAPHY, 16 

Maps, Lettecpress Description by Wm. F. Collier, LL.D., 8vo, cloth, 



CLASSICAL GEOGRAPHY. 

THE POCKET ATLAS OF CLASSICAL GEOGRAPHY, 15 
Maps, Imperial i6mo, 6^ by 11 inches, cloth lettered, 

THE CROWN ATLAS OF CLASSICAL GEOGRAPHY, 15 Maps, 
with Descriptive Letterpress, by Leonhard Schmitz, LL.D., Imperial 
i6mo, cloth lettered, 

THE STUDENTS ATLAS OF CLASSICAL GEOGRAPHY, 15 
Maps, Imperial 8vo, with Descriptive Lettetpress, by Leonhard 
Schmitz, LL.D., cloth lettered, 



SCRIPTURE GEOGRAPHY. 

THE ATLAS OF SCRIPTURE GEOGRAPHY, 16 Maps, with 

Questions on each Map, Stiff Cover, ... ... ... ... i o 

THE POCKET ATLAS OF SCRIPTURE GEOGRAPHY, 16 

Maps, 7^ by 9 inches, mounted on Guards, Imp. i6mo, cloth, ... z o 






BLANK PROJECTIONS AND OUTLINES. 

THE CROWN ATLAS OF BLANK PROJECTIONS, consisting 
of 16 Maps, Demy 4to, on Stout Drawing Paper, Stiff Wrapper, ... 

THE CROWN OUTLINE ATLAS, 16 Maps, Demy 4to, Stout 
Drawing Paper, Stiff Wrapper, 

THE IMPERIAL ATLAS OF BLANK PROJECTIONS, consisting 
of 16 Maps, Imperial 4to, on Stout Drawing Paper, Stiff Wrapper^ 

THE IMPERIAL r>rjrr imt? ati ac .a ka^^ i-^^j>^x ^^^^^^.^na. 

Drawing Paper, St 




Xondon, Edid W,Q\»^^^ 



